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THE  AR30VIRUSE3 

[Following  is  a  translation  of  a  portion  of  a  took 
Virus-  und  Ricke*tsien-i  r.fcktionen  des  Menschen 
(Viral  and  Rickettsial  Infections  of  Man)  by 
H.  Moritsch,  Munich,  pp  412-494.] 

Abbreviations 


V  Ag  • 

■  Antigen 

XFD 

*  Kyasanur  Forest  Disease 

AHS 

-  African  Horse  Sickness 

LI 

»  Louping  Ill 

Ab 

■  Antibodies 

ME 

■  Meningoencephalitis 

Arbo 

-  Artnropod-borne 

KVE 

■  Murray  Valley  Encephalitis 

BTS 

•«  Blue  Tongue  of  Sheep 

NDV 

»  Newcastle  Disease  Virus 

w 

•'  CE  ' 

»  California  Encephalitis 

LA 

•  Nucleic  Acid 

.  CEE 

-  Central  European  Enceph¬ 

ST 

-  Neutralization  Test 

*  •' 

alitis 

OIIF 

■  Omsk  Hemorrhagic  Fever 

* 

,.CPE 

-  Cytcpathic  effect 

RES 

■  Reticuloendothelial  System 

CTF 

■  Colorado  Tick  Fever 

RNA 

■  Ribonucleic  Acid 

•  'EES 

»  Eastern  Equine  Encephalitis 

ESSE 

•  Russian  Spring-Summer 

/  EHD  • 1 

•  Epidemic  Hemorrhagic 

Encephalitis 

Disease 

RVF 

-  Rift  Valley  Fever 

.  -  •  SSKE 

■  Early-Summer  Keningo- 

s.c. 

-  subcutaneous 

, 

r 

Encephalitis 

SLE 

»  St.  Louis  Encephalitis 

*. 

%./ha 

•  Hemagglutinin 

TBS 

»  Tick- Borne  Encephalitis 

1 

HP 

«  Hemorrhagic  Fever 

VEE 

»  Venezuelan  Equine 

.  HIT  • 

*  Hemagglutination-Inhibition 

Encephalitis 

•• 

Test 

VS  V 

»  Vesicular  Stomatitis  Virus 

'  •  IF 

«  Interferon 

WEE 

-  Western  Equine  Encephalitis 

*' 

‘  i.c. 

•  intracerebral 

WN 

■  West  Nile 

J33 

«  Japanese  3  Encephalitis 

YF 

■  Yellow  Fever 

CPS  ' 

-  Complement-Fixation 

Reaction 
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A.  Definition 


Viruses  are  no w  classified  as  arthropod-borne  (aroo)  viruses  which: 

(1)  Possess  the  capacity  to  multiply  in  vertebrates  ano  arthropods, 
with  the  vertebrates  regarded  as  the  reservoir  and  the  arthropods  as 
the  vector.  Multiplication  in  vertebrates  is  traceable  through  viremia 
and  accompanying  antibody  formation.  The  infection  Day  either  be 
inapparent  or  have  clinically  pronounced  symptoms.  The  virus  itself 
can  be  eliminated  by  lactating  ani.-r.als  through  milk;  in  excrement  it 
has  thus  far  been  found  only  in  Dice  infected  with  the  V23  virus. 
Infection  of  a  vertebrate  follows  the  bite  of  an  arthropod  which  had 
previously  become  infected  during  a  blood  meal  on  a  viremic  vertebrate. 
Mxpcri.-.'.T.^ai  mosquitoes  can  be  infectea  intrathcracically ,  with  the 
denonstrable  multiplication  of  the  virv.s  considered  a  criterion  for 
classification  with  the  mosquito-borne  arboviruses.  Virus  multiplica¬ 
tion  in  arthropods  is  always  asymptomatic,  i.e.,  there  are  no  signs 

of  disease  or  histologically  apparent  lesions.  Consequently,  the 
so-called  ‘'insect  viruses”  (-  viruses  which  multiply  in  insects 
and  thereby  injure  them)  and  viruses  transmitted  only  moohanicaily 
by  arthropods  are  not  designated  arboviruses. 

(2)  Multiply  in  baby  mouse  brain. 

.  (3)  Are  sensitive  to  bile  salts%  t A90:b‘ 

(4)  Possess  hemagglutin  of  antigenic  nature. 

(3)  Contain  R1.A.  , 

All  the  postulates  (especially  the  production  of  HA)  for  class¬ 
ification  among  the  arboviruses  cannot  always  be  satisfied.  In  the 
case  of  the  Entebbe  bat  virus  isolates  in  Uganda  ffora  the  salivary 
glads  of  a  bat  (Tadarida  [Chaerep'non]  lir.bata  Peters),  we  know  only 
that  it  can  be  concentrated  in  the  baby  mouse  and  the  resultant  HA 
(cf.  section  on  Immunobiology)  gives  a  cross  reaction  with  immune 
sera. of  group  3  without  the  possibility  of  identification  with  suitable 
known  aera.  There  is  no  hint  of  a  vertebrate-arthropod  cycle  in 
nature.  Nevertheless,  such  viruses  are  included  with  the  arboviruses 
on  the  basis  of  the  antigenic  relationship  (at  least  tentative). 

A  definition  of  arboviruses  from  the  physical  standpoint,  however, 
10  impossible  because  they  are  heterogeneous  in  size  and  presumably 
also  pos&eaa  a  variable  number  of  capsoaeres. 
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Moot  arboviruses  can  be  divided  into  separate  groups  on  the 
baai..  of  antigen  relationship.  Tr.e  remaining  arboviruses  are  tenta¬ 
tively  treated  as  "ungroupeu".  Those  viruses  are  related  and  placed 
in  or.e  group  152 j  which  produce  clear  cross  reactions  either  in  the 
HIT  or  C?R.  A  precise  differentiation  of  the  individual  strains 
is  then  possible  in  the  HIT  and  CI'.l  only  through  the  essentially 
higher  titer  vZ>'  the  homologous  sera,  otherwise  -  apart  fron.  the 
T33  complex  -  in  the  HT,  where,  to  bo  sure,  cross  reactions  can  also 
occur.  These,  however,  prove  to  be  very  weak  (e.g. ,  with  concentrated 
or  only  slightly  attenuated  scrum)  and  can  thus  be  easily  differentiated 
by  neutralization  with  the  homologous  serum. 


In  general,  only  the  HIT  i.  used  for  grouping,  as,  for  example, 
for  the  division  into  group  A  or  B;  for  the  grouping  in£>C,  however, 
a  coabination  of  the  HIT  and  C?R  (diagram)  C167]. 
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Fig .  1.  Serological  relations  of  the  group  C  viruses. 

Diagram  from  H.  3.  Shope  and  0.  R.  Causey,  Amer. 
J.  Tron.  Med.  Kyg, .  Vol  11,  pp  28J-290,  1962. 

1.  -  hemagglutination-inhibition  test 
2  -  Complement-fixation  reaction 


Beyond  that,  however, viruses  closely  related  in  antigen  structure 
within  a  group  can  also  be  included  in  a  complex,  as  in  the  TD3  com¬ 
plex  within  the  B  group.  Here  a  precise  differentiation  of  the 
individual  types  is  possible  only  through  such  delicate  methods  as 
cross  precipitation  in  agar  gel  and  the  KIT  uitfo  type-specific  (obtained 
through  cross  absorption)  hyperimmune  sera  [40]  or  by  the  combined 
use  of  immunofluorescence  and  microphotometry  [b8a]. 

This  grouping  in  the  case  of  many  of  the  already  discovered 
arboviruses  and  familiar  groups  is  a  complicated  and  protracted  pro¬ 
cedure.  Another  difficulty  that  occasionally  arises  is  that  '...to 
are  some  individual  virus  strains  which  produoe  crosc  reaction 
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with  two  groups  and  appear  to  os  a  cridjo  between  theras 


virus  group 


Bunyaavera<- 


virus  strain 


virus  group 


cross  reaction 


cross  reaction 
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California  encephalitis 


In  spite  of  all  these  difficulties,  the  serological  classifica¬ 
tion  method  offers  the  only  available  possibility  of  arranging  these 
viruses  according  to  constant  and  stable  characteristics. 

The  wish,  expressed  perhaps  mostly  by  clinicians,  to  be  able 
to  classify  viruses  by  the  clinical  symptoms  appearing  in  nan  or 
animals  is  inpossible  in  the  case. -of  the  arboviruses  because  (1) 
these  criteria  are  not  constant  and  (2)  the  clinical  picture  cannot 
be  as  exactly  perceived  as  the  antigen  structure  of  a  virus  so  that 
oisinterpretatigns  are  possible  which  are  reliably  excluded  by 
antigen  analysis. 

B.  Classification 

The  tables  list  the  presently  known  arboviruses  in  groups,  which 
were  originally  designated  by  A,  B,  and  C.  This  method  was  abandoned 
with  the  discovery  of  the  fourth  group  (i960)  and  each  group  is 
designated  oy  the  name  of  the  first  discovered  virus.  The  viruses 
mentioned  in  detail  correspond  to  a  single  type.  Within  each  type 
subtypes  (variants) .  can  be  distinguished  (31a]  on  l  he  basis  of  a 
rjafined  HIT. 

C.  Physical.  Chemical  and  Biological  Characteristics 
1.  Physical  Characteristics 


Host  arboviruses  are  20-30  in  size,  as  measured  by  the 
ultracentrifuge  and  electron  microscope.  Some  exceptions  with  a 
larger  diameter  are  the  blue  tongue,  Ilesha,  Turlock,  Wyeomia, 

Anopheles  A  and  B,  Bunyamwera,  Bwamba,  "taya,  and  YJS3  viruses. 

This  figure  applies  to  the  overall  size  of  the  elementary  particle. 

It  is  independent  of  the  diameter  of  the  external  membrane,  which 
has  a  larger  range  of  variation  than  the  dimensions  of  the  structural 
elements  of  the  inner  body. 

2.  Chemical  Characteristics 

According  to  B.  M.  Pranklin  (52],  arboviruses  are  viruses  with 
peripherally  situated  structural  lipid3.  They  lose  their  infectiousness 
very  quickly  after  treatment  with  chloroform  CllO,  209] »  ethyl  ether 
(16  hours  at  4°  C),  or  Ha-desoxycholate  (0.1>«  for  30  min  at  22*  C). 

•  inactivation  is  also  regarded  as  an  essential  characteristic 
the  arboviruses. 
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Also,  S'. -jG.  Anderson  and  P.  L.  Ada's  investigations  [33,  wherein 
phc  ijiholipaae  A  inactivated  the  KVE  virus,  indicate  that  peripherally 
situated  phospholipids  oust  be  essential  for  the  integrity  of  the 
virus..  The  lipid  content  of  this  virus  was  later  determined  accurate 
to  11$  [la3.  Infectious  UK A  can  be  obtained  if  these  lipids  are  re¬ 
moved  together  with  the  proteins  by  treatment  with  hot  carbolic 
acid  (50*  C)  C2023.  Treatnent  with  Freon,  among  others,  does  not 
alter  the  infeotion  titer  proper  so  that  this  method  can  be  used  to 
purify  these  viruses  too  C1773*  The  production  of  infectious  ribo¬ 
nucleic  acid  with  the  help  of  extraction  with  oold  carbolic  acid 
mentioned  by  Gierer  and  Schramm  has  already  been  successfully  attempted 

•  in  Vest  Kile  033,  Murray  Valley  [13,  TBS  [47,  1763,  WEB  and  EEE  C1O0, 
200,  201,  2033,  Semliki  Forest  [373,  and  yellow  fever  [1233* 

Key  to  Following  Tables 

1  -  geographical  occurrence;  la  -  (  )  conjectural;  2  -  isolation  from; 

3  -  Man;  4  -  human  antibodies;  3  -  form  of  disease;  6  -  unkggwn; 

7  -  man:  dengue-like,  often  with  HF;  6  -  man:  hem.  ME;  9  -  species 
unknown;  10  -  *The  internationally  used  English  names  have  been  choeen 
-  to  designate  the  viruses;  11  -  man:  dengue-like;  12  -  man:  fever; 

13  -  man:  fever  {rarely  with  ME?);  14  -  man:  ME;  15  -  man:  fever 
(with  hepatitis?);  16  -  sheep:  fever;  17  -  man:  HF;  16  -  man:  fever 
(laboratory  infection);  19  -  man:  dengue;  20  -  man:  dengue,  also  HF; 

21  -  (related  to  MVE  virus);  22  -  man:  fever  (with  ME?);  23  -  turkey; 

>  ftE'i”  ’  S.V  24  -  horses:  ME;  25  -  (do  not  multiply  in  mosquitoes); 

.26  -  man:  fever  (dengue-like?);  27  -  sheep:  fever  with  abortion; 

26  -  man:  dengue-like  (with  myocarditis)  ME;  29  -  man:  yellow  fever; 

,  30  -  (laboratory  infection);  31  -  man:  fever  (related  to  the  California 
enoephalitis  complex);  32  -  swine:  African  swine  fever?);  33  -  sheep: 
catarrh,  fever,  edema,  hem.  diathesis;  34-  man?;  35  *  man:  pappataoi 
fever;  36  -  influenza-like;  37  -  domeBtio  animals:  vesicular  stomatitis; 
'  36  -man:  febrile  infection  (?);  39  -  sheep:  gastroenteritis  with 
glomerulonephritis;  40  -  man:  fever  (laboratory  infection); 

41  -  sheep:  hepatitis  with  abortion;  42  -  man:  fever  (dengue-like?); 

43  -  man:  dengue-like;  44  -  sheep:  louping  ill;  45  -  South  Africa; 

46  -  East  Africa;  47  -  South  America;  46  -  East  Asia;  49  -  Eastern 
United  States;  50  -  Northern  Europe;  51  -  Bouth  Central  Sweden; 

52  -  Southern  Norway;  53  -  Central  Europe:  East  Germany  (Southern 
Germany),  Eaat-Southeast-Auetria,  Poland,  Slovenia,  Hungary,  Czeoho- 

•  Slovakia;  54  -  Southeastern  Europe:  (Albania,  Bulgaria,  Greece, 
'Rumania);  55  -  Eastern  Europe:  Europe,  Russia;  56  -  Southeast  Asia; 

57  -  genhheapeoies  (genus  and  species  unknown);  58  -  *  vertebrates 
freely  exposed;  59  *  Anterior  Asia;  60  -  Greece;  61  -  Cyprus; 

62  -  Czechoslovakia,  Austria,  Jugoslavia,  (Southeast  Europe?); 

63  -  Near  East;  64  -  Sioily;  65  -  Czechoslovakia;  66  -  Far  East 
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3»  Biolo.-tnnI  gharnct.crir.tics 
( a )  Antiran  bt  mature 

Basically,  a  distinction  must  be  made  between  three  antigens 
identifiable  by  various  serological  methods* 

(1)  The  V(-irus)  antigen  corresponds  to  the  complete  infectious 
virus  particle  and  is  quantitatively  determined  by  the  i«'T. 

(2)  Up  to  now  hemagglutinin  (HA)  could  not  be  separated  from  the 
virus  particle.  Hallauer  (19**6;  was  the  firat  to  obtain  proof  of 

HA  in  a  viscerotropic  yellow-fever  strain.  Jabin  et  al.  (1950-195*0 
subsequently  demonstrated  the  presence  of  this  HA  in  some  arboviruB 
strains  and  Casals  and  Brown  [32]  used  HA  to  classify:..,;  the  arbovirus 
strains  into  groups.  Today  it  ia  obtained  by  sucrose-acetone  or 
acetone-ether  (standard  regulation)  extraction  from  the  brain  of 
infected  baby  mice  [393*  This  extraction  take3  place  in  the  cold 
so  that  the  infectiouaness  of  the  virus  particle  is  not  completely 
lost.  Hemagglutination  is  very  pH-ser.sitive  and  can  also  be  inhibited 
by  phospholipids,  as  they  are  found,  for  example,  in  every  serum 

1x36,  157.  159.  160J. 

The  highest  and  most  reliable  titer  value.?  of  hemagglutination 
are  obtained  with  goose  or  rooster  erythrocytes  [152].  Agglutinability 
of  the  erythrocytes  appears  to  be  dependent  on  the  hormone  content 
of  the  donor  [155»  156].  According  to  Jalninen,  who  carefully  studied 
the  kinetics  in  TBS  viruses,  in  the  case  of  adsorption  and  elution 
by  arboviruses  it  is  not  a  matter  of  an  enzymatic  process  as  in 
the  myxoviruse8,  but  the  high  rate  of  elution  with  high  pH  values 
points  to  electrostatic  influences  [155].  Studies  on  inhibitors  of 
•hemagglutination  in  the  TBd  viru3  [159 t  160]  and  later  in  other 
arboviruses  [157]  made  it  likely  that  as  far  a3  the  receptors  of  the 
cell  surface  are  concerned,  it  is  a  question  of  a  complex  of  chlorest- 
erol  and  a  negativetyloaded  lipid  (free  fatty  acid  or  phosphatide). 

(3)  The  complement-fixing  antigen  io  quantitatively  determined 
in  the  CFR,  wherein,  however,  the  titer  is  approximately  only  one-  ’• 
tenth  that  in  the  HIT.  Even  simple  preparations  (veronal  buffer  . 
suspension  from  the  brains  of  ir.tracerobrally  infected  suckling 
,mioe)  produce  specific  deviations  in  the  CFR  and  are  of  practical 
value,  above  all,  for  rapid  identification  of  freshly  isolated  virus 
strains.  Still  high  anti-gon  liters  are  obta:  ned  after  extraction  of 
the  inhibiting  lipids,  e.g. ,  with  sucrose-acetone  in  the  cold,  as 

in  the  production  of  HA  [393* 

(b)  Host  lr-ectrun 

It  is  a  common  characteristic  of  all  arboviruses  that  they  can 
be  concentrated  in  the  baby  white  mouse,  After  extraneural  applica¬ 
tion  many  strains  multiply  in  the  CHS  in  the  form  of  an  encephalitis. 
Adult  mice,  especially  the  "ncurotropic"  strains  are,  in-generil,  also 
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sensitive,  but  much  less  so.  .lonce,  if  possible,  only  baby  nice 
should  be  used  for  the  isolation  of  v, risca,  especially  those' of 
unknown  strains,  from  arthropods.  All  other  vertebrates  react  to 
natural  or  artificial  infection  by  formin;  antibodies  so  that  fiUch  an 
infection  can  proceed  in  the  guise  of  familiar  diseases. 

Instead  of  animals,  increasing  use  i:«  made  today  of  tissue 
culturefor  virus  concentration.  Must  arbovirus  strains  multiply 
readily  in  tissue  cultures  after  adaptation.  Among  others,  fresh 
ohick  embryo,  hamster  kidney,  and  He  La  cells  have  proven  tc  be  very 
satisfactory  for  this  purpose.  A  C?a  did  not,  of  course,  always 
appear.  Therefore,  tissue  culture  ia,  in  general,  less  used  for 
isolation,  but  it  is  finding  increasing  application  in  serological 
diagnosis. 


(c)  Variations 

The  appearance  of  mutants  which  differ  in  genotype  and  phenotype 
from  the  original  viruses  is  also  possible  in  arboviruses,  in  which 
case  various  circumstances,  e.g. ,  alteration  of  the  virus  cycle  in 
nature,  necessarily  increases  the  mutatipn  rate.  Inclusion  in  a  new 
reservoir,  and  presumably  even  more  the\ transmission  to  another 
arthropod,  should  be  of  considerable  significance  and  cause  the  virus 
to  adapt. 

Insofar  as  these  stable  changes  can  be  serologically  objectified, 
they  are  expressed  in  the  form  of  subtypes.  However,  fine  differences 
between  the  individual  types  of  the  Tlhi  complex  might  be  mentioned 
here.  V/hat  is  surprising  is  that  in  individual  t^rpes  sometimes  other 
arthropods  appear  as  vectors  (cf.  TBI3  complex). 

A  mutation  in  the  direction  of  a  weakening  can  also  be  obtained,  • 
thus  opening  up  the  possibility  of  producing  attenuated  strains  for 
vaccination  purposes.  We  might  mention  the  attenuated  17  D  (ASIBl)  .  j 
and  Dakar  strains,  which  were  weakened  through  passages  in  chick 
embryo  tissue  cultures  and  in  mice  ana  are  now  used  as  genetically 
stable  yellow-fever  vaccines  for  man.  On  the  other  hand,  the 
Langat  TP  21  strain  of  the  TBrl  complex  (q.v. ),  isolated  from  ticks, 
proved  to  be  non- neurotropic  for  man  and  is  therefore  a  possible 
vaccinal  strain  C59»  141] . 


(d)  Interference 

The  ability  of  arboviruses  to  prodyce  interferon  (I?)  (cf.  the 
chapter  "Interference-Interferon"  on  p.  202  of  the  book  frem  which 
the  translated  portion  was  taken/  has  been  demonstrated  for  several 
strains.  Vilcek  [1953  reports  that  he  succeeded  in  concentrating 
a  TB£  virus  strain  without  a  Cpa  in  tissue  cultures  from  cnick  embryo 
fibroblasts  and  thus  demonstrably  suppressa^ihe  multiplication  of  the 
W£2  virus  (-challenge  virus)  added  hours  later.  Together  with 
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Zemla  and  Rada  ho  subsequently  showed  on  the  baai.3  of  numerous 
physicochemical  studies  that  interferon  was  involved  [196»  197,  198, 
199 *  212].  Other  IF-formmg  arboviruses  are  Chikungunya,  O'nyong- 
nyong,  Kumba  Cl47a),  oindbia  [72a],  BEE  [199a],  WES  [98a],  and 
vesicular  stomatitis  [42b j->199b]  viruses. 

Apparently  tho  homologous  and  heterologous  intorferenco  phenomena 
described  by  various  authors  are  also  to  be  related  to  the  formation 
of  IP.  Lennette  and  Koprowski  [91a]  observed  back  in  1946  that 
the  yellow-fever  strain  17  D  could  suppress  in  a  tissue  culture 
not  only  the  Asibi  yellow-fever  strain,  but  also  other  arboviruses, 
West  Nile,  and  VE3.  The  formation  of  influenza  A  wan  suppressed 
by  West  Nile,  but  influenza  A  did  not  appear  to  be  able  to  suppress 
the  formation  of  the  above  arboviru3on.  WSE  virus  exhibits  both 
homologous  interference  [98b]  and  heterologc>u3  intfrference  with 
NDV  [91b].  Also  various  strains  of  /eaioular  3tomatitis  virus  inter¬ 
fere  with  one  another  [42a].  TBE  virus  inhibits  poliovirus  [2aJ, 
while  Kayaro  virus  is  effective  against  dindbis  vjLrus  C70]. 

*  Arboviruses  are  also  sensitive  to  interferon-.  Taylor  [188a] 
stated  that  influenza  A  interferes  with  BEE  and  WEE  viruses.  Another 
myxovirus,  NDV,  suppressed  both  VEE  virus  [6.5a]  and  WES  virus  [91a]. 
Rabies  virus  suppressed  WES  virus.  Vesicular  stomatitis  virus  was 
suppressed  by  polyoma  virus  [46a]  and,  as  already  mentioned  [70],  \  ' 

Sind bis  virus  is  sensitive  to  IP  from  Kayaro  virus. 

It  is  noteworthy  that  only  inactivated  Hayaro  virus  and  Kayaro 
‘virus  inactivated  by  deoxypholate  have  this  interfering  effect. 
Inactivation  by  heat,  ultraviolet  rays,  or  antiserum  destroys  the 
capacity  for  interference.  The  TBS  virus'  capacity  to  fora  I?  is 
likewise  destroyed  by  heat  inactivation. 

Mayer  et  al.  [107]  showed  that  in  chick  embryo  cells  treated 
beforehand  with  IP  the  latent  period  of  the  EES  virus  was  clearly 
lengthened.  Since  this  occurred  not  only  after  inoculation  with 
■intact  virus  but  also  with  infectious  RN5  from  this  virus,  it  is 
reasonable  to  assume  that  IP  influences  virus  synthesis  only  after 
removal  of  the  protein  coat. 

D.  Pathogenesis  and  Clinical  Aspects 

The  mode  of  human  infection  under  natural  conditions  is  through 
the  bite  of  a  blood-sucking  arthropod  where  the  virus  is  eliminated 
with  the  saliva  of  the  arthropoa.  Other  routes  of  inf ection -are 
occasionally  observed.  The  percutancously  and  passively  introduced 
Virus  should,  by  analogy  with  the  dissemination  of  the  virus  in 
experimental  animals,  be  transported  through  the  lymph  fluid  to 
the  "organ  of  primary  affinity"  [109J*  This  appears  to  be,  at  least 
for  TBS,  c  «<_  the  regional  lymph  noues  in  which  the  virus  initially 
multiplies,  thus  triggering  the  first  phase  of  the  frequently  biphasio 
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course  of  the  arbovirus  infection  burin/;  which  the  virus  is  released 
^  into  the  blood  vessels  .is  a  result  of  the  primary  multiplication.  Thus, 
in  experiments  on  sensitive  animals  like  mice  [103,  106]  and  cheap 
[104,  102],  in  contrast  to  rabbits  [105 J,  one  can  determine  the  soale 
on  which  the  virus  starts  to  multiply  in  the  regional  lymph  nodes  , 
after  a  few  hours,  before  the  virus  is  released  into  the  blood  vessels. 
Furthermore,  if  the  virus  is  taken  par  os,  it  reaches  the  spleen 
first  after  a  resorptive  viremia  where  it  is  concentrated  and  later 
released  into  the  blood  stream  [120 j. 

It  i3  not  known  whether  the  development  observed  in  animal 
experiments  can  in  all  Ca  >es  be  applied  to  man.  It  is  no  argument 
against  it  that  this  must  be  assumed  at  least  for  those  viruses  in 
which  the  first  phase  is  clinically  inapparent  or  is  accompanied  only 
by  mile  symptoms  like  fever  (up  to  3t>°  C)  together  with  the  character¬ 
istic  general  malaise.  Were  thio  first  phase  to  prpceed  with  specific 
clinical  symptoms,  e.g. ,  exanthema  (aer.gue,  2'nikungunya,  O'nyong-nyong, 

Vest  Kile  [204]),  or  a  hemorrhagic  fever,  tissue  damage  would  have  to 
be  assumed  as  the  cause  of  the  hemorrhagic  diathesis  in  the  latter  case. 

At  autopsy  one  finds,  to  be  cure,  the  changes  characteristic  of  all 
HP,  e.g.,  hyperemia  in  enlarged  vascular  regions,  edema,  and  hemorrhages 
in  all  tissues  as  well  as  perivascular  infiltrates  of  large  mononuolear 
cells  and  a  striking  proliferation  of  fiLd  cells.  It  is  still  unclear, 
however,  whether  the  viru3  hero  has  directly  attacked  the  endothelial 
cells  or  it  involves  a  hemodynamic  reaction  to  be  explained  biochem¬ 
ically  as  in  a  case  of  shock  Cl32j.  .. 

&  The  first  phase,  independently  of  the  clinical  course  and  quite 

apart  from  all  succeeding  complications,  represents  the  actual  ''main 
disease"  of  the  arbovirus  infection.  Ir.  most  cases  the  infection  ■  • 

heals  without  complications,  and  often  only  the  presence  of  neutraliz- 
,  ing  antibodies  is  the  sole  indication  of  infection  by  an  arbovirus.  . 

However,  it  may  happen  that  the  virus  which  circulates  in  the  blood 
during  phase  1  penetrates  into  the  cells  of  another  organ  and  causes 
a;  new  virus  multiplication  in  a  second  "organ"  phase.  Phase  1  does 
change  directly  into  phase  2,  but  ther*  is  often  a  symptomless  inter¬ 
val  between  them,  the  duration  varying  markedly  from  sickness  to  sxck- 
.  ness.  Thus,  the  "remission"  (nymptomlcss  interval)  in  yellow  f&yexrl&ft^s  only 
one  day  on  the  average,  whereas  in  TBIi  the  interval  is  mostly  a  week. 

With  localized  organ  manifestations  there  are  essentially] onlyrtbree  '  | 

. 1  preferred  places,  i.e.,  the  CHS,  liver*  and  wesenchyma,  so  that  we  * 

know  of  several  kinds  of  disease  systems  accordingly,  such  as  meningo-  •  •• 
enoephaliti3,  hepatitis,  and  dengue  fever. 

In  phase  2  the  virus  clings  to  the  affected  organ,  concentrating 
in  the  sensitive  cells  when  it  is  destroyed.  Plow  of  the  virus  into 
the  blood  vessel  can  no  longer  be  traced  since  at  this  time,  at  least 
in  the  case  of  CHS  infections,  neutralizing  antibodies  are  already 
present  in  the  serum,  although  the  virus  can  be  found  in  the  organ  it¬ 
self. 
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\  ..••Thus,  there  is  no  clear  evidence  to  permit  a  pathological-histo¬ 

logical  differential  diagnosis  of  moat  of  the  CKS  infections  caused 
by  arboviruses. 


Animal  experiments  with  nr  bo  virus  on  do  not  provide  n.  proper 
basis  for  making  correct  compirisons  between  the  behavior  of  the 
virus  in  humans  and  in  animals  so  that  study  of  the  pathogenesis  of 
human  infection  in  concrete  fashion  is  dependent  wholly  on  autopsy 
findings  which,  however,  due  to  the  slight  lethality  of  the  arbovirusos, 
are  too  meager  to  furnish  a  complete  picture  of  the  dynamics  of  this 
infection.  It  is  still  unexplained  why  a  phase  2  develops  at  all 
following  phase  1  in  particular  cases.  The  only  demonstrable  constant 
in  arboviruses  is  organ  tropism  which,  to  be  sure,  does  not  correlate 
with  the  antigen  structure  of  the  viruses.  Perhaps  we  should  think 
in  this  connection  of  the  variable  affinity  of  individual  viruses 
for  certain  phospholipids  which  as  constituents  of  the  cell  surface 
oould  influence  the  adsorption  of  a  virus. 


:  The  clinical  picture  of  "ho  arboviruses  is  sq  varied  that  these 

differences  are  to  be  related  not  only  to  th:  "trhpism'’  of  the  viruses 
•  *  but  also  to  the  range  of  variation  within  a  ii3ease  system  as  a  whole. 
Without  going  into  details  (see  the  ir.uividu.il  chapters),  a  basic 
' ,  .  distinction  must  be  made  between  the  course  of  the  two  phases  according 
.  \  "  '  to  the  pathogenesis.  Phase  1  includes  oil  transitional  forms  from 
'•  the  clinicallyijiapparent-*  mile  to  moderate  (up  to  56°  C)  fever-* 
high  fever.  In  addition  to  fever,  along  wit::,  general  complaints  like 

O  headaches  and  joint  pain  there  can  appear  catarrhal  phenomena  (con¬ 
junctivitis,  pharyngitis,  bronchitis)  and,  in  very  severe  caoes, 

%.  hemorrhages  &g  a  result  of  hemorrhagic  diathesis.  Phase  1  generally' 
lasts  only  a  few  days,  but  as  much  as  10  days  in  severe  cases  of  H7. 

Phase  2  is  characterized  chiefly  by  orgm  involvement  so  that 
’  .the  general  picture  of  the  disease  with  respect  to  length,  degree  of 
.  severity,  and  prognosis  is  determined  sh^reby.  Apart  from  these 
organ-conditioned  circumstances,  an  exanthema  can  develop  in  this 
,  (  phase  as  an  expression  of  vascular  injury  (dengue,  Chikungunya,  West 
•  .  •.  Nile)  or,  in  especially  severe  cases,  a  hemorrhagic  diathesis,  e.g.,  ^ 

*  in  yellow  fever  or  SEE,  wherein  the  latter  ends  as  a  hemorrhagic 

,  v :  enoephalomyelitis. 

*•  E .  Incunobi  ology 

t  . 

An  infection  of  a  vertebrate,  ur.lik**  thi-.t  of  an  anthropod, 
fV'  invariably  results  in  the  formation  of  specific  antibodies  which 

■■  '  can  be  found  in  the  serum  by  the  uporo  -riste  diagnostic  technique. 

This  antibody  formation  goes  back  to  the  sensitization  of  the  organism  . 
during  the  viremic  phase  (■  phase  1)  ween  the  neutralizing  and 
heaagglutinating  antibodies  can  be  generally  deteoted  after  about 
7-10  days. 
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Iii  those  biphasic  disease.;,  e.g. ,  t'-Ai  infections,  in  which  more 
than  a  week  elapses  between  t..e  b'.vir.r-n  -7  of  t  »e  viremia  (•>  phase  1) 
and  beginning  of  the  illness  (---•  phase  2),  thiso  antibodies  are  always 
present  before  the  onset  of  p..a.;e  2.  In  732  the  interval  averages 
12  days.  This  phenomenon  is  c-ncinl  for  diapiosis  becnusb  a  titer 
increase  in  the  I7T  and  HIT,  not  just  r.  conversion  in  thoae  scroroaotions , 
is  to  be  expected  in  the  course  o-'  such  disc  uses. 

On  the  other  hand,  the  complement-;  ixin  ;  antibodies  are  not 
always  evident  at  the  onset  of  phase  2  so  thit  a  conversion  is  to 
be  expected  and,  consequently,  a  fresh  infection  demonstrated  rather 
easily.  A  peculiarity  of  antibody  formation  ia  the  arboviruses 
is  that  the  specificity  of  th :  antibodies  doireases  with  the  duration 
of  sensitization  (be  it  ir.  the  course  of  an  Infection  or  during  an 
active  immunization  with  inactivated  virus)  while  antibodies  are  increas¬ 
ingly  formed  .against  other,  mostly  closely  related,  strains  of  the 
sane  group.  This  can  be  very  easily  traced  in  the  HIT  and  CFR  because 
this  overlapping  within  a  group  is  here  manifested  very  clearly.  A  •* 
broad  antibody  spectrum  can  aiso  be  acnieved  by  iiqfnunization  with  a 
pair  of  strains  from  one  group,  whereupon  cross  reactions  with  almost 
all  strains  of  the  same  group  can  then  appear.  / 

This  phenomenon  operates,  of  course,  to  the  disadvantage  of 
an  investigator  when  he  is  socking  specific  antibodies  in  a  region 
in  which  several  strains  of  the  same  group  are  found  3ide  by  side 
so  that  he  is  unable  to  make  any  reliable  statements  without  quantitative 
NT.  A  population,  on  the  other  hand,  is  benefited  because  with  *  , 

every  new  infection  (or  immunization)  the  immunity  spectrum  is  broaden- 
ed  to  embrace  other  heterologous  antigens  (cf.  Prophylaxis). 

Serological  Investigational  Methods  ■  . , 

(a)  Neutralization  Test  (NT) 

The  infectiousness  of  a  virus  is  neutralized  in  the  NT.  Intra-  : 
cerebral  administration  of  a  serum-virus  mixture  to  mice  is  the 
standard  te3t.  The  sensitivity  of  the  test  to  the  presence  of  anti¬ 
bodies  ia  clearly  dependent  on  the  inoculation  route  (i.p.  is  more 
sensitive  than  i.c.,  the  baby  mouse  is  more  sensitive  than  the  adult 
mouse).  Moreover,  it  has  beer,  shown  that  fresh  normal  rhesus  serum 
contains  a  factor  (accessory  op  labile  factor)  that  increases  sensitiv-  . 
ity  to  the  presence  of  antibodies.  With  respect  to  the  NT  in  mice,  •  . 
Theiler  prefers  the  average  survival  time  to  the  survival  rate  in 
reaching  conclusions. 

•  * 

In  addition,  tissue  cultures  have  recently  come  into  use.  They 
have  proven  to  be  a  very  sensitive  indicator  and  more  efficient  than 
the  mouse  test.  The  serum-virus  mixture  can  b*  transferred  to  a 
sense  medium  or  simultaneously  sown  with  a  relatively  low  cell  con¬ 
tent  (15,000-30,000  ml)  in  tent  tubeb[95»  96]»  It  has  to  be  determined 


in  each  individual  case  whether  suitaMi*  cells  are  available  in  which 
an  increase  through  the  C j'2  or  hemadsorption  [26]  can  be  easily  read. 


A  3pocial  type  of  NT  involves  th<  use  of  the  "plaque  technique" 
whereby  one  can  distinguish  between  a:  > 1 j  plaque-neutralization 
' test  [48]  (yiru3-3erum  fixation  in  vivo  before  inoculation  of  the 
medium);  (2)  plaque-reduction  test  (addition  of  3erum  to  the  agar 
layer  after  inoculation  of  the  medium;;  plaque-inhibition  tost  [136] 
The  plague  or  plaque-reduction  test  i;;'  very  sensitive  and  suitable 
for  subtle  quantitative  investigations.  Thu  plaque-inhibition  teat 
is  quite  similar  to  that  used  for  antibiotics  against  bacteria 
because  here  too  the  diameter  of  inhibition  of  the  CPiS  of  a  tissue 
culture  is  measured  under  an  agar  layer.  The  inhibition  areola 
‘  results  from  the  diffusion  of  an  antibody-containing  serum  or  other 
’inhibiting  substance,  e.g. ,  interferon  [1353t  through  the  agar  layer 
on  the  infected  medium. 


.  .  (b)  Heron gglutination-Irhi bit ion  Test  (HIT) 

This  test  is  now  performed  everywhere  in  a  standard  manner  [393 • 

•  It  is  an  excellent  procedure  for  infection  inquiries  (survey)  because 
as  a  result  of  agglutination- associate or.s  within  individual  groups 
antibodies  can  be  detected  in  a  population  even  with  non-homologous 
antigens.  The  HIT  is  quantitatively  prepared  30  that  there  is  a 
linear  correlation  between  agglutination  and  antibody  concentration. 

(c)  Complcncnt-^ixstlon  Reaction  (CFIi) 

This  reaction  is  used  to  detect  fresh  infections  (also  to  identify 
freshly  isolated  strains).  Fulton  and  Jumbell's  microdrop  method  [53] ** 
.  employed,  with  the  reaction  started  in  the  usual  yay  (with  serum 

•  dilutions  against  constant  quantities  of  Ag  and  complement )  according 
’  to  Casals  et  al.  [33].  Plastic  plates  (the  Linbro  Chemical  Company's 

disposo-trays)  are  suitable  for  this  purpose.  The  bowls  are  so  shaped 
that  the  reaction  is  dearly  readable  despite  the  small  total  volume 
of  about  0.15  ml. 


F.  Snideniology 

The  mo3t  striking  characteristic  of  arboviroses  is  the  peculiar 
cycle  of  the  virus  in  nature  in  which  arthropods, •. i.'e.  ,  .~a£ 'faruasewe 
know,  ticks  or  blood-sucking  mosquitoes,  are  invariably  included  as 
vectors.  This  produces  a  characteristic  rhythm  in  the  chain  of  in¬ 
fection  that  varies  with  the  habits  of  the  affected  animal  host, 
individual  species  of  the  arthropod,  and  differences  in  climate 
(tropics,  temperate  zone).  Tv*.  1  :t  is  also  reflected  in  the  seasonal 
pattern  of  many  infectiono  (aariy-sunrjr  meningoencephalitis  [HSMS] 
and  autumn  encephalitis  [JBE]). 
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1.  Characteristics  of  the  Arthropods 

Up  to  now  arboviruses  have  been  isolated  from  Culicidae,  Cerato- 
pogonidae,  Sinuliidae,  ?3ychodiiiae  (Phlebotominae) ,  various  3rachycera, 
Ixodidae,  and  some  other  ticks  (ganasina).  Among  these  arthropods 
the  vector  function,  which  affects  the  arboviruses  of  man,  is  £hu«- fir -'sure 
only  in  the  Culicidae,  Phiebotominae  (cf.  pappataci  fever),  and 
Ixodidae  through  evidence  of  multiplication  capacity  of  the  virus 
after  ingestion  with  the  blood  meal. 

(a)  Xoai;ui  toco 

The  Culicidae  consist  of  several  subfamilies  (e.g.,  Auophelinae, 
Culicinae)  and  numerous  genera  (e.g. ,  Anopheles.  Aedes.  Mansonia, 

'-lex,  Pso3Qphora,  Haenarrofe-us .  Cnliseta ) .  These  genera  di  ffer  not 
y  in  morphological  characteristics,  but  above  all  in  their 
wehavior  in  the  environment,  host  specificity,  life  span,  manner  of 
hibernation,  and  geographic  distribution. 

Ingestion  of  the  virus  occurs  with  the  blood  meal  when  a 
critical  minimum  quantity  must  be  present  in  the  blood  ingested.  The 
virus  thch  multiplies  in  the  tissue  and  i3  eliminated  in  the  salivary 
gland.  The  interval  between  virus  ingestion  and  elimination  is  known 
as  the  "extrinsic  incubation  period".  The  duration  of  this  interval 
is  dependent  primarily  on  the  temperature  and  relative  humidity, 
secondarily  on  the  virus-transmitting  species.  (The  female  mosquitoes 
remain  infectious  for  life  and  can  infect  the  host  during  all  additional 
blood  meals.  Transovarial  transmission  of  the  virus  to  the  F.  genera¬ 
tion  has  not  yet  been  observed.  The  development  is  holometaboloua, 
i.e.,  over  the  well  demarcated  stages  of  egg,  larva,  pupa,  and  imago. 
Culicid  larvae  are  aquatic  (stagnant  water)  and  feed  on  plankton. 

Tne  life  span  of  the  mosquitoes  (imagines)  varies  greatly  with  the 
ecology  and  biology  of  the  individual  species  and  is  several  weeks. 

It  may  extend  to ’8  months  in  case  of  overwintering  (e.g.,  Culex, 

Theobaldia) .  Apart  from  the  species,  climatic  factors,  especially  in 
the  temperate  zone,  manner  of  hibernation,  whether  as  egg,  larva, 
or  imago,  play  an  important  role;  also  whether  the  mosquitoes  move 
freely  about  in  nature  or  predominantly  within  the  range  of  human 
settlements  (cellers,  stables).  The  radius  of  action  of  a  mosquito 
likewise  varies  from  species  to  species,  but  generally  does -not  extend 
more  than  20  km,  although  it  can  be  bprne  to  great  distances  by 
passive  locomotion  (wind). 

Due  to  the  great  radiu3  of  action  and  capacity  of  the  females 
(the  males  never -bite)  for  repeated  meals,  a  frequent  exchange  of 
ho3t  is  possible  to 'that during  the  warm  season, even  in  the  temperate 
zone,  a  virus  infection  can  spread  quickly  among  human  beings,  domestic 
and  wild  animals,  diace  infants  and  children  ure  attacked,  infeotion 
of  the  population  occurs  mostly  at  an  early  age.  The  mosquitoes  swarm 
mostly  at  dusk  because  their  activity  is  largely  dependent  on  tho 
temperature  and  relative  humidity. 


(b)  ?i  e'er,  ■ 


Arboviruses  arc  tranaai  tc^d  by  i-epresentatives  of  the  Argaaidae 
and  Ixodidao.  They  exhibit  an  abundance  of  specific  morphological 
features,  but  can  be  consider-  ..  together  in  view  of  their  function 
as  vectors. 

» 

Unlike  the  blood-sucking  r.orquitcos,  ticks  can  suck  blood  *ap  early 
as  the  larval  and  nympbal  stag's  and  thus  transmit  virus  ir.  all  stages. 
Another  characteristic  of  the  ticks  ir,  that  they  have  only  "one  hoot 
in  each  stage,  that  is,  the  next  blood  meal  occurs  only  in  ^ne  next 
higher  stage,  except  for  the  udule  female  Argaaidae,  vhic..  suck  blood 
several  tines.  The  blood -sucking  act  itself  lasts  a  few  days. 

In  principle,  there  are  only  3  main  stages  (larva,  nymph,  adult), 
but  the  Argaaidae  have  several  nyaiphai  stages  (lat,  2nd,  3rd  instars). 
Hence,  the  ticks  do  not  have  the  so-called  "extrinsic  incubation 
period",  but  the  virus  multiplies  during  metamorphosis  in  the  various 
organs  and  is  excreted  with  the  feces  and  in  the  next  higher  3tagc 
with  the  saliva.  In  addition,  the  virus  can  also  be  tranonitted 
to  the  next  generation  transovarially.  It  is  still  uncertain  whether 
this  phenomenon  of  transovarial  transmission  is  related  to  the  fact 
that  tick  eggs  are  covered  by  a  single  membrane  while  mosquito  egg3 
have  three  membranes  [101].  Transovarial  transmission  has  been  re¬ 
peatedly  demonstrated  in  the  laboratory  (of.  T3£),  with  confirmation 
seen  in  the  fact  that  under  natural  conditions  the  virus  can  always 
be  isolated  from  hungry  larvae.  The  percentage  of  transovarial 
transmission  of  the  virus  to  the  7^  generation,  however,  would  have 
to  be  very  small,  being  estimated  at  about  55>  of  the  number  of  eggs 
deposited.  But  it  is  not  enough  to  maintain  the  virus  in  a  focus. 

Ticks  live  much  longer  than  mosquitoes,  often  several  years,  if 
for  partly  still  unknown  reasons  the  sequence  of  stages  does  not 
follow  regularly  but  under  certain  circumstances  is  interrupted  for 
an  entire  year.  However,  under  optimal  conditions*  in  the  laboratory, 
all  the  stages  of  a  three-host  Ixodes  ricinus  can  be  traced  within 
8  months. 

*  Since  ticks  live  freely  in  nature  and  have  no  connection  with 
human  civilization,  unlike  mosquitoes,  man  functions  as  a  blood  donor 
only  when  he  happens  to  be  in  their  territory.  A  direct  consequence, 
of  this  is  that  a  population  never  becon  ;s  as  infected  as  it  does 
through  mosquitoes.  Living  habits  and  occupational  patterns  of  the 
autochthonous  population  arc  of  decisive  significance.  A  striking 
fact  is  that  infection  occurs  at  a  much  later  age  than  that  caused 
by  mosquitofcs  and,  therefore,  ticks  are  not  responsible  for  the 
transmission  of  "children's  diseases".  ] t  is  also  possible  that 
this  "late"  first  infection  is  responsible  for  the  particular  clinical 
course  that  often  proceeds  with  (apparently  age-conditioned)  complica¬ 
tions  (cf.  T33).  The  "aotive"  radius  cf  action  is  so  slight  that  it 
oan  ie-virtualiy  ignored.  Nevertheless,  ticks  can  be  borne  considerable 
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7iu‘  vertebrates  bitten  Vy  .lrthroaoirs  and  infected  an  a  result 
develop  a  viremia  after  an  incubation  p  .-riot,  of  several  day n  to 
a  maximum  of  a  week  and  in  this;  stage  become  a  source  of  infection  for 
all  biting  arthropods  at  thi.s  time,  baotnting  ani'mnlo  in  the  viremio 
stage  eliminate  the  virus  with  tho  milk.  The  duration  of  the  viremia 
varies  from  vertebrate  to  vertebrate,  but  generally  is  no  more  than  a 
week.  However,  there  ure  reports  on  CT"  virus  [27,  2b]  causing  a 
viremia  lasting  up  to  50  days  in  porcupines  and  some  other  rodents. 

Also,  a  vireaic  stage  can  be  artificially  prolonged  [1923 • 

A  viremia  in  a  natural  animal  host  proceeds  without  clinically 
apparent  disease  and  it  is  followed  by  the  formation  of  neutralizing 
antibodies  without  a  second  phase  occurring  after  a  short  interval. 

If  this  natural  cycle  changes  or  if  the  nattral  infection  spectrum 
is  broadened  into  an  "artificial”  infection  spectrum  (adcording/to 
Doerr),  symptoms  of  disease  v.* ill  be  observed  in  animals  (e.g.,  equine, 
encephalitis)  and  human  oein  :«  (all  the  If  nova  arboviruses) .  Chains 
of  infection  in  which  at  least  part  of  the  vertebrates  needed  to 

maintain  the  natural  cycle  fr.  11s  ill  in  the  typical  way  (e.g.,  sheep 

with  louping  ill)  are  excopti  ^ns. 

In  the  formation  of  a  focus,  vertebrates  function  an  tho  viruo 
reservoir.  Should  this  focus  be  in  the  tropics*  a  continuous  ohain 
of  infection  with  arthropods  is  produced  because  no  climatic  fluctuations 
influence  the  multiplication  of  tho  arthropods  and  vertebrates. 

In  the  temperate  zone3,  however,  the  question  of  virus  overwintering 
is  still  unanswered.  Apparently  tho  virus  overwinters  on  tho  spot  in 
hibernating  or  poikilothermic  animals  or  in  the  ticks  (transovarial 
transmission).  The  posoibil^  ty  that  it  can  be  introduced  into  new 

places  by  migratory  birds  r.tv  .'id  not  ;*e  ignored. 


must  sir.tir  juian  :  A  'icm  :•  %  ••■r.  v..-tobrates  of  tne 
basic  natural  cycle  and  v  -r  .•  o.*  t  a-fi,  like  hui,i.ar.  agings, 

Q  i  n  _  c-c  w^d  o  r*  X  v  fncultui  tv n>*  are  rot,  absolutely  CwoCi/w  <  al  for 
maintenance  of  the  cycle.  T;.  ;/  cm, ,  to  be  sure,  contrioute  to  the 
spreading  of  the  virus,  but.  t  .  j;r  cannot  by  t!i«  rasclveo  along  with 
the  arthropods  maintain  the  c  ole.  l«  r,..  e  .ueni  ly,  a  precir.c  analysis 
cf  the  significance  of  th>:  in  i .. visual  v,  .'.ei:*,  tea  in  a  focon  is  very 
diffi  suit. 


A  natural  focuo  of  infection  re»  t  '  a  boot  reservoir  and  vectors, 
or.  one  hand,  and  an  adequate  'tensity  if  vertebrates  and  vectors,  on 
the  other,  to  endure.  The  loan  rate  is  so  hr.-.n  that  close  and  intense 
contact  between  vertebrate  ant  artl.roj.-ou ,  at  least  in  certain  seasons, 
is’  neeued  if  the  virus  losses,  especially  in  the  temperate  zones 
during  the  winter  months,  arc  to  be  halted.  This, also  promotes  in¬ 
fection  through  a  viremia  of  *r,i  <imum  duration  and  through  rapid  suc¬ 
cession  of 'generations  of  the  vertebrates  serving  as  the  reservoir. 

Apart  from  the  decimation  r»f  vertebrates  and  arthropodo  by 
their  natural  enemies,  climatic  factors,  etc.,  the  antibody  formation 
of  the  once  infected  vertebrates  operates  as  a  counter-mechanism  of 
infection.  Even  if  we  dir.ro,:  .rd  .-tend?, ' i,  experimental  [20]  but  not 
otherwise  confirmed  observati  <n  of  the  neutralization  of  a  virus 
with  antibodies  in  an  arthropod  following  a  new  blood  meal,  the  chain 
of  infection  is  broken  in  the  case  of  attack  by  an  infectious  arthro¬ 
pod  on  an  already  immunized  vertebrate.  Oince  viremia  is  brief  and 
it  occurs  once  in  the  lifetime  of  a  vertebrate .while  the  neutralizing 
antibodies  remain  permanently,  with  increasing  life-span  of  the  verte¬ 
brate,  the  chancesof fvirus  spread  diminishes  accordingly. 

In  an  extreme  case,  a  foe  ;.;  car.  also  be  extinguished  if  it  is 
not  reinfected  from  the  outsi.se .  There  is  evidence  in  connection  with 
human  diseases,  e.g.,  the  disappearance  of  "Australian  X  discoe", 
which  support  ouch  considerations. 

4.  Batumi  Cycles 

"From  the  epidemiological  .standpoint  ,  three  different  kinds  of 
cycles  can  be  distinguished  in  nature; 

(a)  Primitive  Cycle  of  a  Germinal  Cnain  of  Infection 

— *  Tick  (?~gen.  )  . transovnriai  — >  Tick  (?.  -gen.)-*  transovarial-* 

Theoretically,  this  cycle  tr.ur  jo  postulated  an  possible  because 
transovarial  transmission  of  arboviruses  by  ticks  has  been  demonstrated 
experimehtally  ar.d  under  r.atur..  conditions.  It  is  debatable  whetner 
this  cycle  can  ever  exist  by  itself  [161];  in  any  caee  it  is  judged 
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ili  :  r  arboviruses  are  con- 
>  ,  ‘x‘j v.  r,  enables  ur.,  to  derive 

•  iok-oorr.c  arboviruses. 


If  we  start  from  the  f c  .  .. n  •  t  nrbr.v inne.i  Multiply  ir.  the  cells 
of  ticks  without  causing,  iit.wv.rr,  pati.olo gioai  changes,  we  must 
postulate  a  close  relation:;:;:  >  33«.wo»-i  ‘.heae  coll:;  and  the  vii’uscs# 

It  must  bo  closer  than  in  tin-,  car.-;  o/  vertebrate  cells  which  arc 
either  destroyed  or  react  by  jJ.tC2j.t-  ,  at ib jc'iea.  Ue  could  concludo 
from  this  that  at  some  time  1.1  :.ne  co\;ri  e  of  evolution  part  of  the 
nucleic  acid  from  tiie  coil  c.'  \  t.ck  ;.;.i  it  off  and  became  independent, 
transmitted  transovarially ,  i  .tiincc,  adapted  in  time  through 
passages  in  vertebrates  as  we  *,  ..nd  assumed  the  fora  of  the  arboviruses 
known  to  us  today  [161 j. 


( b )  Cycle  win  a  "or  ore  ojs  'Ji.air  of  Infection 
«w>  arthropod  A  -*  vertebrate  1  -*  arthropod  A  vertebrate  1- 


.•pod  A‘ 


This  homogeneous  chain  of  i  r.f*  •tion  ir*  the  b*.:;is  of  every  focws  in 
which  the  vertebrate  ia  absolutely  essential  for  maintenance  of  the 
cycle  in  the  focus.  A  specia  fora  of  this  cycle  with  the  inclusion 
of  man  produces  yellow  fever: 


— >  Andes  — *  man 


Aedos 


man 


A  cycle  with  inclusion  of  man  reserve  ir  has  no  priority,  but  in 
the  present  case  it  gives  ri to  a  secondary  transformation  of 
the  natural  infection  spectrum  ;  — ^  Donley  — »  jlaema.Toyus  — »  monkey— > 
Haema/ro/rus — »  )  as  a  result  of  on.ar.ge  in  environmental  conditions# 

(c)  Cycle  with  a  notcro-oncous  ^hain  of  Infection 
—■>  arthropod  A  vertebrate  1  — >  arthropod  3  —*  vertebrate  2 


m.  notion  i: 


This  heterogeneous  chain  o; 
within  a  focus  mostly  vertebrates  are  infected  by  bites. 


very  common  ir.  nature  because 
Mere 

variou-  species  of  anthropois  present  a.t  the  same  time,  especially 
as  concerns  mosquito-borne  viruses,  car.t  transmit  the  virus.  It  is 
very  difficult  to  decide  which  vertebrates  and  arthropods  are  ab¬ 
solutely  essential  to  maintain  the  focus*;.  On  one  hand,  arthropods 
infect  various  vertebrates  which  arc  muc  ni  r.gless  for  the  cycle  and 
which  function  only  as  blind  i.<>rrair.al  or  subordinate  members  of  a 
chain  of  infection,  as  happens,  for  example,  to  man  with' most  arbo¬ 
viruses.  On  the  other  har.-l,  :  _ood "sucking  arthrepodn  on  viremio  vertex 
orates  become  infected  without  ; no  virus  being  able  to  spread  further 
(flees  and  lice).  Therefore,  .nring  u  field  investigation  or.e  must 
not  draw  hasty  concluoior.3  or.  *i.c  basis  of  virus  isolation  and/or 
presence  of  antibodieo. 
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5.  '.r  '  0  -  ~  j  _  rt 

Arboviro  :os  arc  gone:—!?.  >  v- ••  circulate  i  r.  V.oir 

natural  eve  leu ,  with  the  inf«'-:$,o.»  0!  ...a  (or  susce,  tiblc  ^nin.nla) 

piuying  a  minor  role. 


Infection  of  vertebra  tea  :'p  o, 
behavior  of  the  vectors.  In  i..:o  cast*  •>• 
mosquitoes,  the  ratov.of  u.fcc»  ms.  i 
ally  in  the  tropics.  As  far  £  lek-t 
ouch  depends  on  the  extez..  an  1  .i  o.  •?  1. 
ticks.  In  general,  infection  one  .:a>  :  . 

considerably  lower.  In  moot  o  t  a.  v.  ;;  • 
character  of  the  infection  in  prc..**r\a- .. . 
endemic  focus  is  changed,  th<*  vlr.*s-  r..  y  a. 
(l)  spread  of  the  virus  from  too  focus.  to 
jungle  yellow  fever urban  yellow  fever 
by  non-innur.ized  vertebrates  into  a  f< ous 
yellow  fever  among  colonists,  builders  of 
(3)  consumption  of  notfeoiled  ar.i  non-p«c-.  <n. 
vertebrates  (epidemic  of  early -summer  mor.i 


or.  the 


’.ijos  tranwt..i  1 1.’- ;  by 
tv  1.  among  infant..,  especi- 
v.iusc-s  are  concerned, 

' s  contact  with  I.,.--  indigenous 
later  so  that  tr.c  rate  is 
r,  trie  theoretically  endemic 
li-t  if  this  situation  of  an 
ac  sprees  epidemically,  '* 
a  non-imnunised  population 
j;  (?)  massive  i mnigrution 
(epidemic  outbreaks  of 
the  Panama  Canal,  etc.); 
rized  milk  of  viremic 
ngoencephalitis  in  Roznava  [243 


6.  Snrcad  of  Viruses  to  Alien  Territories 

,,,M  "  . . ■ 

This  particular  matter  is  given  considerable  attention  not  only 
for  hygienic  reasons  but  also  for  theoretical  considerations  related 
to  the  potential  development  of  a  new  focus.  Viruses  can  be  borne 
groat  distances  by  migratory  birds,  infected  human  travelers,  and 
arthropods  in  ships,  airplanes,  etc.  However,  such  viruses  cannot 
create  a  new  focus  without  the  exintcnc**  of  the  afbrenentioned 
conditions  pertaining  to  vertebrates  tnd  vectors.  Allowance  must  also 
be  made  for  the  possibility  that  other  anti,  onically  related  viruses 
are  predominant  in  the  new  place  and  that  the;/’  have  already  resulted 
in  immunisation  of  the  vertebrates.  This  cc  ild-  interfere  with  the 
further  spread  of  a  newly  imported  infect j  or .  The  phenomenon  is 
often  cited  to  explain  why  ir.  igypt  the  autochthonous  population  in¬ 
fected  with  West  Kile  is  not  su..cepti"'le  to  yellow  fever,  even  .hough  the 
other  prerequisite  for  a  yellow-fever  focus  (climate,  vector)  are  present. 

Another  possibility  is  that  migratory  birds  supply  new  virus 
or  infected  arthropods  every  spring  for  the  seasonal  arbovirooes  that 
occur  in  the  temperate  zone.  This  is  considered  to  be  very  likely 
in  the  case  of  foci  of  */£.!  and  SrhS  in  the  United  states. 


There  is  also  some  signi^i  : sr.ee  In  the  spread  of  virus  through 
human  beings  during  the  incur  -  tic  a  period  arii  through  arthropods 
carried  in  airplanes.  Th«.  y.  I  ^ov-fevor  virus,  originally  ir.aigenoua 
to  Africa,  might  well  have  r«*-  sued  Am-  rioa  via  infected  mosquitoes 
transported  in  boats,  diz.ee  .:ie  possibility  of  spread  is  greatly 
increased  by  modern  air  travn  ,  the  World  Health  Organization  has 
made  recommendations  to  disinfect  planes  used  in  international 
traffic  [211].- 


35 


i J  • 


I'p.vvuro.".  to  ccntro".  V.u  o  i  ;.,xbi  virus  infection  can 

bo  directed  botn  against  the  to  ora-  o...  .is  nc;i.  of  the  roservoir 
and  against  the  arthropod.;,  no  vector.  r.  rid... fion,  specific  prophylaxis 
of  human  beings  ar.a  ena.-.ngorc  i  niiir.a] eni.  also  be  achieved  by  active 
and  passive  immunization. 

All  attempts  to  destroy  -,r  at  1  e.u,t  to  reduce  the  virus  reservoir 
to  sue),  ar.  extent  that  a  natural  cycle  can  r.o  longer  be  maintained 
fail  mostly  because  of  the  la-;  of  k  r.ev :  v..ge  as  to  which  species  of 
animal  ir,  to  be  regarded  ;  t  reservoir.  .c mover,  it  is  very 
difficult,  if  r.ot  inpossib.it>,  j.;j.»ys  i •csufully  tocontroi,  for  ex¬ 
ample,  certain  birds  or  rcir>r..-»  in  a  focu... 

human  intervention  ii  ;  ’.x.u.-  ue<  m;;.  \it'.:r  to  achieve  :m  effect 

opposite  to  that  intended  vine.;,  for  eaar.po,  the  natural  "enemies" 
(predatory  birds  or  animal.-.}  are  el  it;i  ru  ted ,  tnus  enabling  the  animals 
serving  as  the  virus  reservoir  to  mult  illy  beyond  their  normal  limits. 

On  the  other  hand,  arthropod  control  as  l  means  of  eliminating  a 
focus  is  a  tiae-te3ted  methou  that  has  proven  to  be  very  effective, 
especially  in  eradicating  yellow  fever  from  American  port  cities. 

The  development  of  modern  inr.'oiicidt-j?  n.nu  asaricides  has  given  fresh 
impetus  to  this  approach  and  at  has  made  it  possible  to  treat  much 
larger  areas  than  before.  The  Uussians  in  nun *rouS  field  expeditions 
to  combat  the  widely  diffused  ticks  have  been  particularly  active 
in  this  respect.  However,  ju:  t.  how  lasting  the  effects  can  be  is 
problematical  because  unlike  the  arthropods  which  have  adapted  to 
man  \nd  his  domestic  animals  ana  which  live  very  olose  to  him, 
the  arthropods  which  circulate  freely  in  nature,  especially  the  ticks, 
are  far  more  difficult  to  get  at  than  moanui.oes,  apart  from  their 
almost  unlimited  range. 

In  addition  to  these  ger.<  ral  control  measures,  planned  immuno¬ 
prophylaxis  is  highly  important  for  man  and  his  domestic  animals. 

Active  immunization  has  been  successfully  used  for  many  years  - 
with  vaccines  containing  virus  inactivated  by  formaldehyde  or  withhvao- 
cines  containing  attenuated  strains. 

The  purpose  of  passive  immunisation  is  to  provide  immediate  aid 
for  a  victim  of  a  laboratory  infection,  but  it  can  scarcely  be  con¬ 
sidered  for  general  use.  Hyperimmune  sera  or  hyperimmune  globulins 
against  TSii  virus  have  been  produced  and  suitably  tested  for  this  purpose 
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The  T3U  complex  consists  '  ,;ro’.-  :  vir.s  strains  (cf.  tables) 
which  are  transmitted  by  tic’*  ..nd  ,.r  :  s  >  o  i  <>.!.■>  ly  related  in  antigen 
structure  that  they  cannot  i  c.  >  .n.i  r.g:  s  *r^a  one  another  without 
the  help  of  absorbed  sera  or  cress  prscioit.ition  in  ajar  jel  [4i). 
The  tern  "encephalitis"  shall  t’. .ere fore,  be  t;  k.^n  to  nean  that  most 
strains  of  this  complex  aro  c  able  of  causing  a  disease  of  the 
oentral  nervous  system  (CH>)  ii.  man  and  animals*  Typical  diseases 
includes 


1.  T3E  virus 

!a)  H3SE. /subtype's  Kus.  >'n  sprinj-r.ur.r  er  encephalitis 
b)  CEStpubtype:  e  ;rl;,  .-unitor  meningoencephalitis 

2.  LI  type  viruss  loupin.,  ill  of  sheep 

Here  also  belonj  two  virus  str.inr-  that  were  isolated  from  the 
brains  of  persona  who  died  of  r.oni n,;oe).cephaJ itis  without,  however, 
their  being  held  responsible  (thus  far)  for  a  CHS  disease  endemic  in 
the  region. 

3.  Powassan  type  virus  ( Canada)  (101  j 

4.  Negishi  type  virus  Cl?7) 

5*  Langat  TP  21  type  virus 

This  virus  was  isolated  i  1956  from  I  re  do  3  granulntur.  in  Malaya 
[571.  Ixodes  grar.ulatus  norma. ?y  does  not  attack  human  beings,  but 
neutralising  antibodies  against  this  virus  have  been  occasionally 
found  in  the  native  population  Malaya  [59a-l*  The  way  the  virus 
spreads  is  still  unclear.  The-  virus  strain  itself  has  only  slight 
neurovi  rule  nee  for  nan  and  ar.i  ..13  and  it  is  used  as  an  attenuated 
vaccinal  strain' for  animals  (cf.  loupir.g  Ill). 

The  next  two  types  produce  in  man  the  clinical  symptoms  of  a 
hemorrhagic  fever; 

6.  Omsk  type  virus  (with  subtypes  I  and  II) t  Omsk  hemorrhagic 
fever.  Central  Liberia  (cf.  Hemorrhagic  Fevers) 

>  * 

7.  KF3  type  virus;  Kyac.-r.ur  forest  -disease,  India  (cf.  Hemorrhagic 
Fevers)  .  ; 


/ 


Synonyms;  Russian  r.  wr  An icphalitis,  par  £.ast 

forest  er.O".<i'.aiiti* ,  ts.i  ‘u  encephalitis 

According  to  Russian  data  [130],  c  i.-os  of  human  r.eningo- 

encephalitis  have  been  ooserved  1 the  s' -it  BAst  since  1932.  U  field 
expedition  started  in  1937  under  the  direction  of  bilber  and  con¬ 
cluded  in  1939  succeeded  in  isolating  a  viriety  of  virus  strains 
from  humans,  ticks,  and  rodents  and  in  elucidating  the  infection  cycle 
C213]. 


In  1941  Smorodintsev  ct  .  1 .  .’175*]  'reported  on  successful  attempts 
at  active  immunization  of  aup;.:.  being”  v'i  t •;  'ormalizea  vaccines 
prepared  from  infected  mouse  urn ins.  In  1943  nnp  1J44  Casals  and 

Webster  [34,  35  J  discovered  the  antigen  relationship  with  iouping  ill. 

According  to  Pavlovsky,  this  virus  is  transmitted  chiefly  by 
Ixodes  oerrulcatps  and,  possibly,  by  ii  :  ennui,;/ sal  is  core inns  and 
Dermacentor  si 1 varum.  In  all  three  cases  it  is  a  matter  of  three- 
host  ticks  in  which  the  virus  not  only  survives  tfye  metamorphosis 
but  i3  transmitted  transovarially  [130]. 

Ixodes  nersulcatus  exhibits  a  peak  of  activity,' early  in  the 
summer  and  correlates  well  with  the  seasonal  patter^  of  human  diseases 
[174] .  On  the  other  hand,  "autumnal  encephalitis",  which  also  occurs 
in  the  Par  Bast,  is  caused  by  JP3  virus  and  transmitted  by  mosquitoes  [176]. 

The  actual  geographic  distribution  of  the  disease  in  the  Far 
Bast  and  in  Siberia  has  nowhere  been  precisely  mentioned  by  the  Russian 
authors.  It  seems,  however,  to  correspond  to  the  range  of  Ixodes 
perculcatus ,  not  much  beyond  the  60tn  parallel  to  the  north  [1247  1753* 

The  most  striking  characteristic  of  the  disease,  as  noted  by 
the  Russian  authors,  is  the  severe  clinical  course  with  a  high  rate 
of  paralysis  and  J0-40y»  > fatality.  It  i ;  not  known  whether  the  , 

high  death  rate  is  due  to  the  increase.-:  neurovirulence  of  the  virus 
in  Ixodes  persolcatus  or  to  a  special  susceptibility  of  the  native 
population  or  to  the  exclusion  of  some  (especially  the  mild)  cases 
of  the  disease  from  the  statistical  data. 

■*% 

Studies  on  the  pathogenicity  of  this  virus  have  shown  only  that 
this  Par  eastern  strain  is  more  likely  to  cause  paresis  and  paralysis 
in  sneep  ana  monkeys  than  are  the  viral  strains  of  the  C23  subtype 
[214,  215j.  At  any  rate,  the  inisualiy  severe  course  of  the  disease 
in  man  seems  to  have  been  instrumental  in  intensifying  efforts  actively 
to  immunize  the  exposed  population.  Ti.oae  efforts  were  apparently 
.,ucce3sful  [37*  39 J,  despite  t..«  fact  th.it.  the  vaocines  originally 
prepared  from  mouse  brains  (today  fros.  tt.v  ue  cultures,  [933)  lei  to 
complications. 
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In  view  of  the  1  -r.c-'  u.  e  cf  a--. -  ri. lines  to  control  ticks  in 

the  rural  areas,  such  usefsl  •.  .,<'.-i..-:.c  :  ..•  ;  -nn  gained  and,  according 
to  the  data,  the  morbidity  rati  lowerc'i  [yO,  oG^ll^t,  122], 


i  ! 


Synonyms:  spring  sickness  or  staggers  in  sheep 

This  disease  is  .described  in  detail  ;  r.  the.  chapter  "Human  In¬ 
fections  Through  Animal-Pathogenic  Yir.isoa"  by  M.  Mu  as  gay 


4.  Strly-Oufi: 


:.er.t r.  :c 


n^hnli  tis  ( SSKE ) 


Synonyms:  Central  European  encephalitis  (CME),  tick-borne 
encephalitis,  Xumlir.ge  disease  (Finland), 
biphasic  meningoencephalitis  [116] 

The  earliest  clinical  and  epidemiological  observations  on  the 
spread  of  ESXE  in  Europe  date  back  to  Schneider,  who  found  in  1927 
in  Xeunkirchen  (Lower  Austria)  a  number  of  benign,  mostly  meningitic 
forms  of  CMS  diseases  [183]*  In  a  monograph  published  in  1931, 
he  described  his  fir3t  observations  and  experiences  with  66  patients 
whose  disease  he  regarded  as  a  r.*-v,  then  unknown  infection  but  aui 
generis  [184],  Borrowing  from  ..allgre  -n,  he  called  the  disease 
"meningitis  serosa",  today  chiefly  diagnou-d  au  meningoencephalitis. 

At  that  time  there  were  cases  uith  a  severe  course,  especially 
with  paralysis,  but  their  etiology  was  not  recognized  because  at 
autopsy  only  the  lesions  typical  of  poliomyelitis  were  found  in  the 
region  of  the  anterior  horn  of  spinal  cord.  lienee,  all  these  cases 
were  interpreted  as  poliomyelitis  or,  if  the  clinical  course  was 
unusual,  as  atypical  poliomyelitis.  All  attempts  , at  isolation  of 
the  virus  failed.  There  are  still  some  observatipns  on  such  diseases 
of  the  CHS  which  go  back  to  that  time  and  may  be  relevant,  e.g. , 
the  cases  observed  in  the  area  of  Szeged  [23.  and  Xaschau  [503 • 


The  etiology  of  the  disease  was  ae 
Central  Europe  after  the  war  when  in  !'• 
was  isolated  in  Czechoslovakia  for  the 
serological  studies  were  carried  out  o  i 
the  next  10  years  the  infection  was  al: 
Sweden  [180],  Bornhom ,  Denmark  [5?uj,  ; 

East  Germany  [171],  Hungary  C5I,  li'*sj. 
Austria,  the  virus  va3  isolated  ir.  Styr. 
Xeunkirchen  [117]*  Serological  examina 
of  the  pant  30  years  revealed  t  In" 
and  regarded  as  an  infection  a  goner-, 
as  Ev-MS.  It  was  clear  proof  u  .  this, 
the  East  for  the  first  tira^  duri  .g  th - 
present,  at  least  in  the  Seunkircnoa  a.- 


;r.«.tely  determined  in 
•  i ht  causative  agent 
.r.-.t  time  and  systematic 
Lis  distribution  [72].  During 
discovered  in  Finland  [126], 

•t  Prussia  [1753,  Poland  [142], 
.r.'l  Jugoslovakia  [82].  In 
[19*.  j  and  in  the  region  of 
ions  of  the  numerous  patients 
s  observed  by  Schneider 
rhoula  actually  be  diagnosed 
L.;>;wo  was  not  imported  from 
r,  tuvt  it  had  already  been 

-  1130,  1193. 
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After  the  war  (1949- : 
"Diphasic  :.'i e r. i n go y r. c u p ; .el.  *.i.. 

X  J »  ‘-'U^OpO'iri  X*1  ti#ii 

raitted  to  arxn  through  dris .>ir 
milk  fever")  (Chumakov).  It 
kind  of  virus  cycle  ir.  nature 
(infected  by  ticks)  which  oil 
there  are  many  floats  and  a  hi 
can  be  quite  significant  .in  t 
beings.  According  to  Clarke 
in  antigen  structure  from  tie 
European  Hussia:  and  tram-r.it 
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*"•  ri  •.  f  the  disease  called 
tc  .'.norodi ntsov)  vas  found 
the  virus  i  !  tran3- 
..  (henco  also  "diphasic 

-  "j  'ur.dar.cntnlly  different 

:;•••  i  nc'lusion  of  lactating  goato 
iru  :  with  the  milk.  If 

their  mi IV:,  the  situation 
■■  or  (if  the  virus  to  human 
•/ire.!  in  indistinguishable 
f.-;  virus,  which  is  found  in 
by  t icki>  • 


Physical ,  Chet.i or 


Chare c tori; 


Electron-optical  studies  h.tv ;  she*./ -  that  viruses  in  IIcLa  cells 
are  regularly  25  m^-ir.  site,  round,  w:  tv,  a  thick  inner  body  and 
clear  outer  zone  [36],  The  particle  weight  is  estimated  at  10  million 
[1773-  Purified  extracellular  virus  has  a  diameter  of  about  JO  m/-t  in 
the  electron. microscope .  Estimates  of  '.ho  sedimentation  constant 
in  the  ultracentrifuge,  howov-r,  indicate  a  particle  weight  of  20-25 
million.  It  is  thus  conceivable  that  the  virus  ir\creaoes  in  size 
as  a  result  of  an  excretion  process. 


The  infectious  virus  particle  is  r<  In  lively  /stable  at  4°  C,  espec¬ 
ially  in  the  presence  of  nt  least  lO'.b  serum,  and  .  it  survives  in  milk 
and  butter  up  to  two  months  [uyfj.  On  the  other  hand,  it  is  inactivated 
within  10  seconds  at  65°  [65  j.  According  tc  vlrcsikova-Xohutova  [63], it 
is  still  stable  in  a  pH  range  of  2.713-11.55  with  an  optimum  of  7*6-8. 2 
so  that  it  is  detectable  in  sour  milk  (pH  A - 5 )  even  after  24  hours 
at  4°  C.  Albumin-decomposing  enzyme  a  (trypsin,  chyraotrypsin,  papain) 
attack  [363  and  inactivate  the  virus  (as  well  as  the  other  group  3 
viruses)  but  not  the  group  A  viruses.  The  virus  also  loses  its 
inf ectiousnoss  as  a  result  of  the  usual  chemical  inactivation  procedure* 
(formaldehyde,  (3  -propiolactor.c ) .  A  virus  suspension  can  be  purified 
by  means  of  hydrocarbons  [1773,  through  adsorption  on  calcium  phosphate 
C58],  and  with  protamine  Gulfs  to  C 39 3 »  possibly  also  through  adsorption  * 
on  erythrocytes  and  subsequent  elution  [1533 • 


HA  produced  according  to  Clarke  nrk  Casals  [393  and  the  infectious 
virus  particle  at  pH  6. 2-6. 8  have  the  capacity  to  agglutinate  goose 
and  rooster  erythrocytes;  8.*».Viinen  [15.5 .i  succeeded  in  again  eluting 
the  virus  at  pH  9*0  from  the  •r.vthrocy too.  However,  this  hemagglutina¬ 
tion  is  highly  sensitive  and  : can  bo  inhibited  not  only  specifically 
by  hcmagglutination-inhibit-ir.  •  antibodies  but  also  by  lipids  appearing 
normally  in  the  serum.  The  1  tr,cr  can  be  removed  from  the  serum 
through  adsorption  on  kaolin  -id,  best  of  all,  through  treatment  with 
acetone .  [393 .  It  appears  to  a  matter  of  a  complex  of  free  chol¬ 
esterol  with  the  most  imports  serum  phosphatidos  or  a  complex  of 

freo  cholesterol  with  free  fa  ..cidc  ,  which  presumably  adnorb  the 
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vi run  in  the  fora  of  an  c. s:.  ->  ■ 

surface  of  an  erythrocyte  .  i  . ;  Cl  „ . 
jluti nation  by  viruses  of  ;;•<  ...  v  an.  : 
and  Howe  [1373  could  no  «»  f  .  >' «**  |  Oi  c t  : i  4 
[1573. 


•  the  2 ipidH  on  tho 
inhibition  of  hemag- 
iguished  by  . ortorfield 
•■.a  in  detail  by  Galminen 


Intracellular  virus  tr.ul 
cultures,  but  a  CPU  is  not  al- 
either  to  the  peculiar  nature 
the  specific  behavior  of  the 
permanent  Detroit-6  and  lie ».u  . 
traced  in  time  and  place  by  t 
ies  [853.  Within  eight  hours 
appear  in  the  region  of  the  Golgi  apperr tus  of  the  HeLa  cell  [873* 


pLinatif can  occur  in  numerous  tissue 
ays  oboe rvahle .  This  can  be  ascribed 
of  t:  o  inc  iviu.w-.l  virus  strain  or  to 
issue  culture,  especially  of  tho 
•..rain:;  ( ;* Z  j  .  Virus  synthesis  can  be 

addition  of  fluorescein-labeled  antibod- 
tha  virus  antigen  and  elementary  corpusolee 


Huckling  mice  (also,  if  .  •coos ary ,  larger  mice  up  to  20  g) 
are  used  as  sensitive  experts  r.tal  uni  iif-io,  wr.oroao  chick  erabryos, 
chicks,  suckling  rats,  hamster..,  and  ii.onk.cys  are  no  longer  required. 

The  virus,  of  course,  attacks  domestic  clod  a.imals  like  cows,  sheep, 
and  goats,  which  develop  a  vi  -onia  and  eliminate  the  virus  with  their 
milk.  On  the  other  hand,  an  r.cephalitiu  does  not. follow  peripheral 
inoculation. 

Among  the  arthropods,  culicidc  became  infected  by  feeding  on 
viremic  mice.  The  virus  could  be  detected,  in  general,  after  1-2  daya 
in  the  culicids  [129,  130,  139,  1733,  although  thpy  were  not  eliminated 
by  the  mosquitoes.  Under  experimental  conditions  Ixodes  ricinus  [20, 
21,  993  and  Ixodes  hexagonus  1933  were  allowed  to  become  infected 

in  tho  natural  way.  Here  the  virus  could  be ; re-isolated  directly  after 
a  blood  meal  from  the  feces  anu  also  from  the  next  higher  stage 
(by  pulverizing  the  nyraph3  or  adults).  Ilow.ever,  only  Benda  [213, 
Streissle  [188],  and  Hehacek  successfully  achieved  trarsovarial 

transmission.  Virus  aultipli;:.- tion  ir.  ticks  appears  to  be  limited 
to  tho  Ixodidae.  It  could  noi.  bo  produced  i:;  the  7.rgasidae  [83,  1673* 


Other  arthi’opods  too,  c.,;.,  fleas,  cor.  be  infooted  by  sucxxng 
without,  however,  virus  multiplication  resulting  [1453.  On  the  other 
hand,  Jettmar  [803  showed  in  n. rurally  infected  triatomas  that  fchile 
they  harbor  the  virus  all  their  lives,  thoy  do  not  eliminate  it  with 
saliva  so  that  they  cannot  be  considered  vectors. 

.  » 

(b)  Clinical  Symptoms,  Pathohi stology ,  Immunology 

Tho  first  phase  of  the  disease  (viremia)  sets  in  after  an  incuba¬ 
tion  period  of  7-1^  days .  It  is  accompanied,  in  general,  by  a  fever 
of  up  to  38°  C,  vague  headache,  pain  iny,tho  spine,  joints,  and  muscles 
along  with  inflammatory  changes  in  the  oy*e ,  nose,  and  throat  region. 

Those  symptoms  subside  after  a  few  days , whereupon  m  asymptomatic  interval 
follows lasting  until  the  beginning  of-  the  second  phase. 
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on  in  tne  case  of  laborat¬ 
ory  infection;;  where  phase  i  be  tranced  from  the  very  beginning 

(Pig.  2).  Otherwise,  it  is  a'.so:.practii-nlly  impbsei’olo  in  tl>o  spring 
in  an  endemic  area  either  to  a  .-toot  all  'the  common  infection:;  of 
this  kind  or  fcor.scieivtiouo ly  ;  •>  follow,  lii' clinically  and  virologic* 
ally  (isolation  of  virus  f -or..  b_ood)  to  epidemiological  evalua¬ 

tion.  Moreover,  morbidity  ar.«: 


infection  rate  of  the  population  in  an 


endemic  region  are  too  low, 


Phase  2  sets  ir.  acute  v/f  tor  a  synjet  or:,  lens  interval  of  about  8 
days  (or  about  12  days  after  the  beginning  of  phase  1).  The  clinical 
course  3hows  a  striking  age  dependence  (of.  table).  V/hcroas  the 
meningitic  form  is  predominant  up  to  the  age  of  40,  encephalitis 
is  predominant  from  40  to  60,  and  the  paralytic  components  after  60. 


The  meningeal  form  of  the  disease  apparently  does  not  involve 
the  parenchyma  of  the  CMS  and  it  presents  no  unusual  features,  but 
it  subsides  like  all  the  "serous"  virus -caused  meningitides  after  3-5 
days,  with  complete  restitutio  ad  integrum.  The  clinical  diagnosis 
of  "serous  meningitis"  can  then  be  based  os  the  course  (neck  stiffness, 
fever  over  39°  C)  and  spinal  fluid  (cell  count  to  500/5  with  lymphocytes 
predominating  and  albumin  values  increasing  as  the  disease  persists). 
This  picture  i3  characteristic,  but  not  specific  for  £SKJ3. 

The  encephalitic  form  (meningoencephalitis)  follows  a  diverse 
course..-  It  is  generally  combined  with  meningitis.  Besides  neck 
stiffness,  frequently  only  twitching  of  the  muscles  of  the  face,  tongue, 
and  extremities,  vertigo,  disorders  of  sensibility,  drowsiness, 
impaired  reflexes,  etc.  indicate  pathological  changes  in  the  encephalon. 
There  are  also  malignant,  occasionally  fatal  encephalitides  in  which 
symptoms  like  paraly3i3  of  the  eye  muscles,  speech  disturbances, 
fascial  and  other  cerebral  nerve  paroles,  unconsciousness,  and  psychoses 
dominate  in  the  acute  stage.  The  duration  of  tho  acute  stage  and 
the  possible  sequelae  vary  accordingly.  "Late  paralysis"  is  a  peculiar 
development.  It  is  found  mostly  ir.  the  upper  extremities  8-10  days 
after  the  onset  of  fever.  It  is  frequently  associated  with  disorders 
of  sensibility  in  the  affected  parts,  but  not  with  elevatod  temperature. 
Rocovery  is  rapid  without  atrophy  or  residual  lameness.  Presumably 
it  is  a  matter  of  a  neuroallergic  reaction  to  an  acute  infection  of 
the  CilO.  An  etiological  diagnosis  cannot  bo  based  on  the  many-sidedness 
of  the  clinical  picture. 
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Distribution  of  ail  Ci;b  Infections  'ey  Age  in  an  Sndenic  Region 
of  38X2,  1956-19^2  (Re  ;: '  ircher./A  tStrta/  (after  Xrausler) 
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7  GomiS  dicser  Autu«llunS  betruRt  das  Durchsdmittsaltcr  fur  FSME  37,3  Jahrc  und 
fur  allc  andcrcn  infcktiwica  dcs  ZNS  23,1  Jahrc;  dcr  AItcr.urucrKh.cd  1st  statutudi 
schr  ji^niukant  (t  ^7,0,  ?  <  0,01). 

1  -  XSXS;  2  -  ago  classes;  3  -  meningitic;  4  -  encephalitis; 

5  -  paralytic;  6  -  other  infections;  7  -  tho  average  age  for  JGSfffi 
is  37.3  years,  for  all  other  CX S  inf actions  23.1  years;  the  age 
difference  is  statistically  very  significant  (t=7.0,  p<0.0l) 

Besides  residual  lameness  and  atrophy  after  the  paralytic  form 
of  3JH3,  about  10,3  of  the  patients  also  complain  of  autonomic 
dystonia,  especially  with  persistent  ho.isaches.  Now  and  then  parkin¬ 
sonism,  diabetes  insipidus,  schisophrenic  psychoses,  and  epileptiform 
states  also  occur.  The  latter  were  observed  back  in  1880  by  Kojevnikov 
as  the  sequoia  of  encephalitis  in  the  v’ur  hast,  where  this  could  possibly 
indicate  the  existence  of  the  infection. 

There  is  no  specific  tncrapy;  the  administration  of  antibodies 
in  a  manifest  phase  2  has  prov.r,  to  be  unsuccessful.  The  basis  for 
all  the  clinical  symptoms  ere  t  .a  or jar  changes,  ‘which  can  be 
objectified  by  pathohi3t olojica ,  investigations.  Not  only  are  individual 
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parts  o f  tno  i  *vj  r,  th»*  »  .  >  i  *  i xoii  in  toto  ''*r.d 

through  n  suitable  work-up  th>  .epical  t  :i ::  t  n  "uution  of  the  lesions  ia 
determined .  ; 

Go  it  ■•'Iberger  and  •'oil  i  r.;;*  r  Zl6j>3»  do’.  1  i  .-..■or  a  r.d  novae  [ ?6] ,  and 
Grins  eh,;  1 ,  Xovac,  and  Geitel  c-*:\;or  [67]  re  ported  on  such  systematic 
investigations,  which  wore  briefly  sum-nurizei  by  Gcitolbergor  [164] 


and  «'ol linger  and  3ei! 


..  I  I 3  • 


A  diagram  derived  from  a  series 


of  verified  fatal  cases  plus  ■:nnsiuer;.-.ti on  of  the  histological  fcaturoo 
of  the  encephalitic  syndrome  made  it  possible fto  sot  up  morphological 
criteria  for  distinguishing  the  disease  from  poliomyelitis,  as  con¬ 
jectured  by  hednar  [19] ,  Xorr.y<\y  [64],  an c  J  :ba  [SI]  on  the  basis 
of  the  distinct  involvement  of  the  cere be! lorn.  On  tho  other  hand, 
no  theoretical  differences  from  other  ar be virus  infections  of  the 
CbG  emerged  from  the  nature  and  site  of  the  Or. 3  inflammatory  process. 
?his  is  highly  important  because  in  spite  of  a  certain  qualitative 
difference  between  33K3  and  poliomyelitis  in  the  encephalitic  tissue 
reaction  (it  is  limited  in  tho  former  chiefly  to  the  vascular  raesen- 
chyaa  with  very  slight  glia  involvement,  whereas  in  the  latter  gliosis 
is  prominent),  a  clear-cut  differential  'diagnosis  is  often  impossible 
fren  or.  evaluation  of  individual  preparations  from  isolated  regions 
of  the  Glr3.  Thus,  involvement  of  tho  spinal  cord  and  brain  stem  is 
not  by  itself  a  criterion  for  differentiating  [the  two  diseases. 

•This  explains  why  in  past  decades  such  cases  were  misdiagnosed  as 
poliomyelitis  (sometimes  with  an  atypical  clinical  course).  They 
were  not  recognized  because  of  the  lack  of  supporting  data. 

f  j  ]  ; 

The  histonathologica1.  picture  of  3SI13  corresponds  to  that  of  a 
completely  developed  primary  virus  encephalitis  of  the  disseminated 
typo  of  "spotted  polioenccphalitiues  with  meningeal  involvement"  [1623 • 
It  is  characterized  by  discontinuous  infection  of  widely  separated 
parts  of  the  CJhS  with  distinct  preference  for; the  gray  formations. 

It  exhibits  a  striking  constancy  in  attacking; the  spinal  cord,-  brain 
stem,  cerebellum,  and  rae3encoph;:Ion  (fig.  2)*  Within  this  obligatory 
distribution  pattern  are  only  individual  variations  in  intensity 
and  extension  of  the  encephalitic  syndrome  to j the  various  grisea. 
However,  the  telencephalon  must  bo  regarded  as  ’an  inconstant  and 
facultative  morphological  characteristic  of  13SM3  and  related  arbo¬ 
virus  encephaiitides  [77t  1633.  Tho  most  massive  destruction  of 
parenchyma  occurs  in  the  anterior  horns  of  the  oervioodorsal  medulla, 
in  the  N.  dentatu3  and  cerebellar  cortex,  in  the  substantia  nigra, 
and  in  tho  reticular  brainstem  rnd  thalamic  formations. 

Tho  gray  substance  of  spinal  cor.!  shown {the  typical  lesions 
with  a  predilection  for  the  motor  anterior  horns,  which  cannot  be 
clearly  distinguished  by  histological  leans  from  those  of  poliomyelitis 
acuta  anterior  (Pig.  4a).  In  the  brainstem,  besides  severe  spotted 
infection  of  the  tegmental  nuclei  there  is  constant  involvement  of 
the  inferior  olive  and  por.s;  vnrolii  gray  substance,  which  occurs 
only  rarely  and  to  a  very  slight  degree  in  poliomyelitis.  Character- 
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istic  u ii i or one os  appear  if.  ; 
n.yolitic  only  the  central 
have  ir.f  lammatory  lesions  i:i. 
encephalitic  lesions  of  the  c 
phagia  o trie  i’urkinje  col', 
arc  to  be  regarded  as  a  rr.c- ; 
The  encephalitis  process  in, 
brainstem  ganglion,  cat  it  a..- 
where  the  severe  lesions  ;c 
thalamus ,  and  pallidum.  Ir.  h 
involved  with  preference  for  : 
the  K.  cauda turn  loss  so;  them 
On  tho  other  hand,  the  complc 
(Uuci.  paraventricularis  ana  . 
their  preferred  affection  ir. 
Facultative  telencephalon  ir.i 
of  nodules  over  tho  entire  cr. 
central  region  typical  of  pol 
clauntrua,  olfactory  lobe  gru;. 
which  in  poliomyelitis  are  go. 


c  ;  .-..ho  12  -.i*  ..  fi’oction.  ..'here. ir.  polio- 
•"  .a  I*  •  .juiurly  the  vormis  cortex 
■1,  t.-i.et;.-.  o:’  parenchyma,  tiro  similar 

*■  :brll:  •  ronton  with  loss  and  r.ourono- 
,  s  ci  r.tr,.  1  nucleus,  and  medulla 
■  a L u .••  _•  of  arbovirus  encephalitis. 

bo  si.ro,  often  le3C  intense  in  the 
:sro  extensive  than  in  polionycli tia , 
n. fined  to  tho  coop  gray  substance, 

...i  the  hrr.ir.st  »o  nuclei  are  regularly 
. thalamus  (Fig.  4c  ) ,  put  an  on ,  and 
'■r  •  '.inert  always  spared  in  poliomyelitis, 
sparir. ;  of  tut  anterior  hypothalamuo 
-.rraopti  ci-s)  in  ESKE  as  compared  with 
.’..iomyci  it  is  [77 »  i64j  is  noteworthy. 

:;;tion  involves  a  diffuse  dissemination 
••■•*x(witnox.t  restriction  to  the  motor 
'/•myelitis) ,  vory  severely  affected 
rubs tar.ee,  ar.i  subcortical  medulla, 

. .  rally  free. 


In  protracted  cases,  spor  ;/  focal  i.cero  iis  may  occur  in  tho 
cerebral  cortex  and  medulla,  ins  tern  ganglia,  and  cerebellar  cortex 
(?ig.  4d.  A  similar  phenomena:;,  has  boon  described  in  RS 153,  JBS  [1653 » 
SEE,  V/E.-J,  and  other  arbovirus  encophali tides.  It  i3  regarded  as 
a  facultative  result  of  the  inflammatory  process  due  to  severe  injury 
to  the  perivascular  glia  C77 1  - 

Tho  above  histological  findings  show  the  possible  extent  of 
lesions  in  unfavorable  cases,  but  they  nr-..-  useful  only  as  an  indication 
for  a  lesion  pattern  in  the  most  benign  forms  of  the  disease,  serous 
meningitis  in  particular.  Tho  clinician  often  finds  no  signs  here 
of  involvement  of  the  CK3,  anu  yet  inflammatory  changes  should  be  pre¬ 
sent  in  the  parenchyma  [162],  especially *3ince  it  is  reasonable  to 
assume  from  animal  experiment:;  that  the  nr-urotrppic  virus  firGt  at¬ 
tacks  tho  parenchyma,  after  which  the  mrhingos  are  successively 
damaged  [85 j. 

Every  infection  with  ESIIJ  virus  provokes  in  man  the7  formation 
of  specific  antibodies,  which  are  first  detectable  in  the  KT  and  HT 
and  later  in  the  C?R.  The  former  are  invariably  found  as  early  as 
the  start  of  phase  2  [91],  while  the  Ci*  antibodies  with  good  antigens 
cannot  be  detected  until  the  4 th-7th  cays  of  phase  2  [90].  All  these 
antibodies  also  appear  after  a  clinically  inapparent  infection  or 
infection  without  phase  2  (perhaps  without  pha.30  1  too).  While  the 
NT  antibodies  and  heaagglutiro  tvon-ir.hibiting  antibodies  presumably 
remain  detectable  for  life  in  tho  serum,  with  the  titer  decreasing 
gradually,  in  the  C?R  loss  tr.nn  a  year  after  tho  infection  thero  is 
a  rapid  decrease  in  tho  antibody  titer,  mostly  of  4-8  units,  but  in  the 
following  years  the  titer  drops  vory  slowly  in  the  C?R  so  that  even 
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aftor  4  years  a  residual  titer 
the  titer  level  in  the  Iff  and 
proof  of  a  fresh  infection,  a 
the  C?R;  only  titer  values  of 
in  the  sera  of  porsons  unaware 


C  i n  still  is;  c. 0.-, o ns t rated.  Although 
sli'  does  not  provide  unconditional 
titer  of  over  1  -,(>h  is  usually  found  in 
•llVJ  to  102  inclusive  have  boon  observed 
of  having  an  infection  of  the  C1I 0. 


Fig.  3a;  Urainstora  ganglia;  severe  involv 
preferer.ee  for  the  roticular  nucj  c  ,  .->ua.. 
lenticular  nucleus,  with  emphasis  or.  the 
the  basal  olfactory  lobe  gray  substance  ■ 
hypothalamus.  Occasional  nodules  -f  xrr' 

medullary  formats- 


•a  -:cr.t  of  tho  thalamus  with 
.. .lams,  claustrum,  and 
pat.-u.-.t  n.  Affection  of' 

apt  ring  of  the  anterior 
.a: .nation  in  t 'o  deop 
r.s . 
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■his  virus  in  the  rural  areas 
of  the  ticks,  in  general  only  those 
.is  focus .  Consequently,  the  averaje 
: y  hijn,  i.a. ,  37 «3  years  (fable  1). 

..  a  major  role.  For  example,  forest 
.ve  three  times  the  infection  rate 

uof-Miver,  more  males  thavi  females 
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52 


So 


St  Available  Cony 


« 


o 


G 


O 


Pi  6.  kcathly  district  ',:'oa  of  f  .!  .Infections  in 

an  er.ceaic  kb.:?.  rosier.,  hoaukirch-n  (Lover  Austria.),  19‘)o-19o2. 

1  -  "umber  o?  ca.*e« 

2  -  Other  (non- bacterial)  ir.f -e-ions  of  the  Civil 

V  ^  i 

J  — 

4  -  bo  nth 


'kith  respect  to  prophyla::-..,  a  i :  si nation  must  be  outdo  botv/ocn 
individual  prophylaxis  and  sanitary  rr..;  *.a.ror,  in  r.  focus .  Individual 
e  *  op. 1  «-  —  —  w  c  4^  vtf  d  oO  .  ac  .i  r.z  .‘.c . .  /o  u  ...m  uni  ^uu  :or.  of 

hur.cn  bo  in;;.-. .  Passive  imrtur.i .inn  a-..:  ir.  practice  bo  undertaken 
o*.—^  * . •  v  accrue. ... . .  .-in  -  ...  a..  w(#n  - s  os - : oi : trio.:  and 

*  *  *  *#  -  ri  ^ ~  w  >vi5:,  -n  v».g  -.o-t..  ».*.  i.  oi  -iy  p  ci*  i.  ~  r.  u  r.  c? 

,';lotuline .  Vr.u  important  thin.;  hero  -  ;  c: mf  ir.r  ,  for  a  rrlnifos:  * 

ciaontie  of  the  C'hi  (phase  2;  carnet  V--'  ounce:  nfr :  .y  treated. 


wi  tr. 

fro.x  ti.  ;  v 
c ecus a  of 
vi rod  f rev.  t;- 


% 


for  a c c t v •  unrvuaisn.'wiou 4  ..  ,'ts  'i.-  betivi,*  r. s — o  to  ore nu:: •  .•  vacc ■  .2 
varv.o.i  ir.ca tab 3  c  of  ;  in  *'<*•  r.na'  1 hy f  :  -nr. ho  it-*  ..ttt'.v  . 

...  I :  .  *  the  ♦••v.ccinoa  in  y„  fc. 

•  ’  ■  -  ti  •  fro-.:  1  ho  use  of  vacci:  p  r  • .  — 

in;  uioe  [’/>-.  In  the  future 
oh  i  vc  vaccines,  .'ro.v.i  sin,-;  results 


; or.  per  castor., 
.rains  of  ri¬ 
se  ,  m. C‘  to  U S O  :  '..  .'. 


Best  Available  Copy 


;  0 

i  ■  '**  *  *.■  •»  i» » *  » i  i .  -. » #  • p *  *  *  *•■*•*• 

*  *  ,  t 

*  .  .  »* 

r 

->p  (of.  louring  ill) 

t 

j 

«*  .".cl  !i.  r.  J.  * *.  wO r«'ivO  vy  c* -c  o . » * 

»  i 

/.  - 

<•  *  *  •  m 

both  with  t!.o  kangat 

j 

fr-.?l  strain  alone  and  in  .so 

'  M  ’A* 

• » 

»/ 

low  fevcr-1 7- b  vaccine 

! 

ar.d  ar.  at  to  nun  Led  './ant  Milt 

i 

t  '  * 

■  ^  -  *  i 

■j  later  vaccination 

j 

s.-.oi;  i*:  to  coaiudoroc  in  v.**-1... 

•1  -V- 

; . «. 

oratory  workers 

and  especially •  exposed  per:-; 

<  ..  .  . '  p 

;  ;■ 

;a  forest  workers. 

1 

General  sanitary 

.  .  r . 

^ , 

: i  rooted  ,aJ;a;  nst  tho 

vector  (ticks)  ,  its  resor/ci 

•  *  •  A  A  )  W 

n 

osoiblu  virus  eliminators 

( largo  animals  )  .  affect.'.  :  c 

co;,;! 

;  ■*  - 

•  * 

stral  Europe  h..s  boon 

described  only  by  Uir.r.eckc-r  [ 

*  t  • ,  *• 

.  ••  •#  • 

Eradication'  of  rodents  c: 

.%  *—  *A.i 

<*•  *c  r 

V  •  ••• 

entnl  tract  still  appears 

to  be  unrealistic.  On  the  c 

*»'*/*  J  '.V*  4* f 

j  -r 

.1  o  A*. 

..t  difficult  to  block 

alimentary  infection  of  human 

i  ?  1  i" 

i  r 

-  “v 

"high"  pasteurization 

i 

of  milk  in  the  usual  way  at  1 

*  *--r 

'  «  *  ‘  'V 

*  C*  i  U 

Vr* V 

A* 

immunizing  the  largo 

i 

i 

i 

» 

animals  because  immunised  nr.i 
their  milk  C92j. 

.-.I;,  n',  3. 

/.> 

r  ;i 

Lninatc  the  virus  with 

i 

5.  Hemorrh 

V 

■  *  » 

■  *  **i  ■ 

*AA  / 

1 

i 

by  •-:?  is  moan  un  acute  f 

.  b  *  L 1.  c-  ar 

.  r  vi 

•«*. 

A  U  * 

infection  with  hemorrhagic 

diathesis  accompanied  by  u  cr 

»  *•/  •*  V  .  A  U 

-  i  0 

go  to  tho  capillaries 

i 

in  various  organs.  “This  hers 

c  c» 

;  j;  •;  ; 

^  s  *  r. 

represents  a  peculiar 

i 

phenomenon  of  ar.  arbovirosis 

•  .  Om  *» 

C;:r: 

ur 

/  itself  associated  only 

!  o 

v/ith  fever  or  as  an  aggrav.ti 

*  0 i Jl*i  'ii  1 

■i  *  •* » 

.1 lowing  another  arbo- 

virus  infection  as,  e.g. ,  ir. 

•••... low  f*. 

/*:■  r, 

44  WM 

,  etc. 

i 

i 

such  disease  patterns 

••  been  r 

V-i 

•  r  ;*i  j 

in  different  parts  of  the 

world  for  yoc.ro.  hence  ,  •.'•'ic:.' 
(300 graphic  origin.  V/h other  ‘ 
"out  not  identified)  MF  relate 
very  doubtful.  More over,  dec* 
the  causative  agfjnt  have  beer. 


o;  ir 

ViaC  r«2  >* •  -* 


ooerally  named  after  their 
described  (etiological 
.. o  a  si arc virus  infection  is 
ito  int.or.i-ivo  efforts,  Arboviruses  as 
isolated  only  ir.  a  few  places  (cf.  table). 


(a)  Ky :lliZ  Jiao;:,  sc  (XPJ) 


spring  of  1957.  r: 
Shinoga  ii strict  -(Myfforo ) ,  -n 
of  persons  who  had  worked  ir 
led  to  isolation  of  tho  cans- 
of  ccac  monkeys,  from  the  bio* 
ticks  of  different  genera,  I_g_ 
Tho  virus  belongs  to  group  1.  • 
is  different,  however,  fro:.';  f 
antigen  structure  [p6 j  .  ■  Kor.k- 
are  the  natural  reservoir. 


,y  monkeys  died  in  Kyasanur  Pores t  in 
”ent  Ur. t.  v;as  relatod  to  sicknesses 
,.:..s  woov.se  region.  Systematic  studies 
lvw  (:.?J  virus)  from  the  organs 

of  acutely  affected  persons,  and  from 

_ -r.'.y ■  ■  .n  ii-:sra  in  particular  Ci'lO]. 

....  is  a  /.ember  of  tho  TBS  conpl'ex.  It 
virus  of  Liberian  II?  (Omsk  type)  in 
\ :: c a o r n d  1  nta  and  .Pros byt is  •onto  11ns) 
-IniVct  !*•  n  spreads  during  tho  rain-free 


! 

months  frc... 

January  to  Juno  .' 

\  •  J.  «*  V  7*  t.'  C 

•*  *'  *•*; 

i 

of  the  ticks 

.  Tho  monkeys  >•: 

.0  r:;o/. 

*  nci 

i 

i 

of  a  hemorrh 

agio  diathesis,  ■. 

•  *1  r  v 

i  * 

feet i or.  has 

beer,  observed  or.  . 

^  4  . .  r  _ . 

•  A  U  itA  i* 

0  r.i: 

1  ^ 

} 

9^ 

o 


!r.  nun  th*>  dico.'ific  sets 


(iC'ltO?  v 


.....  .  .  %  l<:  r  ;in  i  ncub.it  i  or.  i.orio'.I  of 

} *"  ^***»/0*  *  6vsT|  1 10 c ki *iC  i  n-.  j*;r  i  |  ^r.»i  jjovgx*c  1 

and  thrombocytopenia,  wr.ich  cv.,jo  hor.crr’.-.joa  in  .  the  mu-cca.i  m.  or,-. re. 
in  addition  to  direct  injury  to  the  vnsculnr  vall»,  cay  Innt  9-'..,  aaya. 
?ho  virus  can  be  regularly  isolated  fro;.,  the  blood  duriny  this  fir:. t 
febrile  pn  aso  (fiiT-  I  C/6..).  ;e  her.  -.t.-.’  o,;ic.l  indices  slowly  rotvirn 
to  normal  when  the  fever  subsides.  A  .second  febrile  : phase  '".r.iv  ..-cur 


after  a  fover-freo  period  of  1-3  woe!:;;. 


i the  same  :;yr*pto.7..j 


the 


i.j.rct  phase  (ri^j#  7)»  but  some  t  i.T.  os  follow.*  t.i.o  couroe  of  a  noninjo— 
encephalitis.  antibodiou  can  be  detected  in  tho  !.*?  foliowinj  the  viromic 
ata^-o  in  tho  second  week  of  the  sicknes..  nnd  in  tho  CPIt.  Tho  fatality 
rate  is  10J*. 


Her.orrh.itfic  r'.-ve rs 

1  Gcograph.  Verbreitung  2  Klinisdic  Bc/cidmung  3  Atiologie  Vektor 


^  N’ord-Skandinivicn 

I»1 

Ncpivopaibia  epidemic* 

12.  . 
unite  itannt 

12 

unbekannt 

5  UngArn  [12S],  Jugo- 
slawicn,  Bulgaricn  [4], 
Transkarpathicn 
(Qukowinicn)  /  i,  S4J 

1  (amordiagisaic 
Ncpiiros.t-Ncphriiis 

3  Bukowir.isdies  Hamor- 
rhagisdics  Ficber 

1  2 

*  ‘“unl  ckinnt 

«  o 

Acarina  (?) 

O'  *Krim  [14],  Astrakhan 

9  Hamnrrbagiidscs  Krim- 
licbcr 

unbekannt 

Acarina  (?) 

Uzbekistan  [U,  Si] 
(Zentralsibiricn) 

Uzbekistan  Hamorrliagi- 
sd.es  richer 

^muckannt 

Acarina  (?) 

Oaraba-Sicppc 

Omtkcr  Hamorrhagisches 
Ficber 

TBE-Virus 

Typ  Omsk 

Ixodidac 

Indicn 

(Distrikt  Shimoga) 

Kyasanur  Forest  Disease 

TDF.-Virus 

Typ  KFD 

Ixodidac 

Malaya,  Tluiland, 
Pitilippinen 

Singapur-thailandistiies- 
pliilippir.isdics  Hamor- 
rhagisdies  Ficber 

Drogue- Virus 
Typ  2,  J,4 
Chikungunya- 
_  Virus 

Culicidac 

7  Fern-Ost-Sibirien 
/«.  SSf. 

Mandxnurci,  Korea 

10  1 

Fern-Ostiidic  Hamor- 

rhagischc  Nepliroso- 
Nepliritis 

2 

unlurkannt 

Acarina  (?) 

Argentinien 

Bolivicn 


Argent  in  itdies  Humor*  Junin-Virus  Acarina 

rhagischcs  licbcr 

^3  .12 

Bw’..v, AnitJ.es  1  ilnit.r-  ~  vcrwAiuii  mit  unbekannt 

rhag.schc  Ficber  junin-Virut 


*  USA  / 112,166 ]  11  Himorriugisdics  Ficber 

von  OJtKoiicus  virginia- 
nus  (epizootic) 


}  -  grojr.-iphic  distribution;  :.*  - 
1  -  borthedn  Jeandinavia;  9  -  Kur.;;.-  ry . 
carpnthia  (Ducovina);  6  -  Crime.:  V  -  f  ;• 
..o.iorrha,';; c  fever;  9  —  Crinoa*;  :;<.r  **  •.  yle. 
hocorrha.fic  nephrooonephri  tie ;  ..1  - 
vi  r/ri  ninr.ua  (epizootic)  12  -  u  .known;  i; 


12 

Epizootic  unbekannt 

H.  morrhagic 
Di'tiw  (EHD) 
virus 

n' ;  3  -  etiology; 

:cr „■  via,  buljana,  Trar.s- 
-Siberia;  o  -  Jucovina 
fever;  10  -  Far  .las torn 
ha  ;:c  fever  from  Odocoi loun 
-  .’eluted  to  Junin  virus 


5!> 
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Pitj.  7.  Laboratory  inaction  vitV  K?i)  virus 

1  -  day  of  sickness;'  2  -  bacy  '.cmpernturo ;  3  -  weakness;  4  -  urine  j 
5  -  isolation  of  virus;  6  -  CPU;  7  -  neutral ianE  antibodieo; 

8  -  follow-up  examination  or.  •  *  >th  day  ot  sickneas;  8  -  admittod 
clinic;  10  -  circulatory  a;;ont ,  vitamins 


(!<}  C"!.-./  Kcmor-hayi  c  Pcvnr 


A  disease  of  man  with  a 
in  the  Baraba  Steppe  in  th-.-  Or.. 
The  causative  aceni,  i(solr.  eeh 
liP:-)  virus,  to  the  TB2  jconplox 
and  Sarnncnntor  nar/rinauus  .  . 

unknown  1^4 j”.  The  former  p.y: •  *• ' 
the  forest-steppe ,  the  latter 
in  general,  with  Ixodes  perr.v. . 
observed  near  oach  other  11.'*^ 


rr.oi-rh-'yic  diathesis  has  been  observed 
>  region  ( ..'est  diberia)  since  19^» 

19'>7  by  JhuMukov,  belonea,  like 
.ad  is  transmitted  by  Pcrnacentor  rictus 
hu  host  reservoir  of  the  virus  .ic  still 
•  vo  mainly  ir,  the  northern  part  of 
.!  the  ;  on  thorn  part.  Koithor  is  found, 
:  tur.  no  that  Omsk  IC?  and  23M2  are  not 
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(c)  T'r.  ij  -  i '  1  '  '  ;-L  •*.-?  .1 •,">.  r  .a.ric  ?cvor 


.vpidemic  outbreaks  of 
since  Those  in  the  sev 

1200  patients  led  to  the  isol 
those  in  1958  in  Bangkok, 
virus  C182J . 


be?/.  r> ejc**v ?a  in  .Southeast  ar.ia 
jl'j’jO  :plco:a?.c  in  Manila  with  over 
Jo.,  of  dengue  virua  types  5  and  v; 
r.gue  viruo  ty»ej  2  and  4  and  Chikur.gunya 


The  surprising  thing  abcat  t.-.is  xl?  ;■>  tM t  it  only  struck  • 
children  who  became  sick  w?.:.  ■.  fever  \i  i  he  *c rrhagic  diathesis  and 
circulatory  collapse,  ar.d  In  <.  -  it..  *..*  ‘-itonejaly  as  v.-ll. 

The  -fatality  rate  was  about  Hi,-.  The  agents  wore  probably 

transmitted  chiefly  by  Aedos  •  ''.7'^: .  The  e;iaeaics  broke  out  in 
Manila  in  April  and  Kay  (before  the  r-ir.y  seisor.'  and  in  Bangkok 
froo  July  to  October  (during  the  rtir.y  reason). 

A  peculiarity  of  the  dir..—.-  is  t.v  t  a  relative  uniform  and 
characteristic  set  of  Gym j. tor... ,  i.e.,  ti.o  II?,  is  caused  by  different 
arboviruses  even,  froa  differo..*  groups  (A  and  B),  while  in  another 
place  tho  dengue  type  2  ar.u  C  ikungurev*.  viruses  can.  give-rioe.-to  a 
typical  dengue  fever  (cf.  aer.  :-m  fever  below). 

(d)  Ar,7T.-. -,e  Merc  rrn  -.gi  s  Fever 

In  1958  Greenway  et  cl.  "llj  were  the  first  to  isolate  virus 
froa  the  organs  of  patients  with  II?.  It  was  observed  for  several 
years  northwest  of  Buenos  Air  js  and  is  also  called  "Kal  de  los 
Rastrojos".  This  "Junin  virus"  vac  later  isolated  from  rodents. 
Contrary  to  the  original  research  results,  tne  virus  does  not  belong 
to  the  TBS  complex  but  fore:;  a  group  with  the  Tacaribe  virus 
(Tacaribe  group).  The  vinr.  is  presumably  transmitted  by  mites. 
Whether  the  vectors  are  actually  niter.  ~ron  the  Gamas ina  group 
cannot  be  decided  for  the  tir.-  being  from  isolation  of  the  virus 
froa  achinolaelans  echidninn...  The  i;.ciaence  of  the  disease  in  nan 
reached  a  peak  in  Kay^Juno  (winter!),  especially  among  farmers. 

The  disease  increases  ir.  severity  with  age.  Hemorrhages  in 
the  kidneys  and  brain  may  be  fatal. 

.  6.  bo  ~..7UQ  ?evor 


Dengue  is  a  febrile  dis;  .  -•  of  ~  .n  caused  by  virus  and  transmitted 
by  mosquitoes.  It  i3  charset-  ,* lse«i  by  pain  ir,  various  parts  of  tho 
body,  especially  the  joints,  .!  <  mthea..,  ar.d  lymph&denopathy .  The 
clinical  picture  of  the  cisan.-.r:-  has  been  known  for  several  centuries 
ir.  the  Tax  Hast.  Bancroft  .  was  the  first  to  iiscover  that 

it  is  transmitted  by  ?--i .  Craig  arid  Ashburn  (1907)  identified 

the  causative  agent  as  a  vi.-u...  Isolation  nnd  cultivation  of  the 
virus  in  mice  and  well  as  the  .iscovery  of  the  variety  of  antigen 
types  were  aohieved .only  aft*.-.’  protracted  investigations  during 
World  War  II  [151 3. 


•  i 


Tc day  a  distinction  must  ro  mac's.- 
"dengue  fever"  and  the  microbial  ogle-.* 
former  is  a  definite  human  disease  th= 
arboviruses,  whereas  the  latter  cor.pr' 
vii'uses  of  (.'roup  B  called  der..f:c-  viri.* 
are  largely  responsible  for  she  olir.i. 
while  types  i  and  j  (frequently  type 
fever"  (q.v.)  in  children. 


■>•  tm  co.  the  clinical  concept 
vr.  "dengue  complex".  The 
t  may  oc  caused  by  different 
a- a  4  tr tijenically  related 
1-4.  Types  1  and  2 
•••'  ,ya  vtous  of "dengue  fever" , 

> h  Vi • 1 )  cause  a  "hemorrhagic 


The  dengue  virus  is  17-2:;  p  ir.  it  can  be  concentrated 

in  suckling  nice  ana  in  tis.u.-*  culture.  e  ii.Jividual  types  can  be 
differentiated  by  means  of  ir<  .•«/.  «  zan  i  \  t J?K  ana  1!T. 

'jSxtraneural  and  i  at  race  re  hr  \1  i:...  •r.t :  or.  of  a  fresh  strain 
results  only  in  clinically  in  i rent  (nltioxjh  histologically  and 

serologically  manifest)  infection.;  ir.  .re .-.keys,  iioweyer,  poliomyelitie- 
like  lesions  can  be  provoked  i;.  monkeys  (chi  •  pansees)  with  eouse- 
adapted  strains  [1493. 

The  diajr.osis  of  dengoc  1;;  s  e  e.  she  characteristic  clinical 
syaptons  (at  least  in  the  see  'eve ;  At  the  beginning 

of  the  illness  (first  f ever  p'.uae;  t>.u  \  *  rus  circulates  in  the  blood 
and  can  be  isolated  by  inocul  .mo-  or.  n  •'.li.;j  mice.  During  con¬ 
valescence  antibodies  can  be  uc...  )/.strt  u  1  ir.  the  HT  and  KIT  as  a 
reflection  of  the  homologous  vir;..  str-.in  in: -.unity. 

The  disease  in  nan  sets  i:.  aftvr  -.r  Incubation  period  of  5-8  4ayfl 
with  fever,  headache,  and  pair.  ir.  the  ?:■  i.le:,  sacral  region,  and 
joints  (rheumatic  type).  The  ;  si  dull.-,  r:jh  -'ever  (40*  C)  drops  :on  the 
yrd-4th  day  of  the  sickness  but  rices  sc  -.0"  r.,; ain  on  the  5^h  day. 

It  subsides  on  the  7th  day. 

The  fever  ani  characteri:  tin  pair.  •  are  r  s-ooiated,.  with  an  exanthema 
appearing  mostly  between  the  .  ri.  .ad  5-;*  d-iy.;  and  disappearing  rapidly. 
The  tendency  to  hemorrhagic  diathesis  vs;.  with  types  p  and  4)  is  very 
slight  in  a  typical  dengue  fever,  alta.u.r'a  pets chi ae  in  the  exanthema 
and  in  case  pf  death  (rare)  hemorrhages  in  the  region  of  the  serous 
membrane  and  mucosa  have  been  described. 


The  peculiar  syndrome  is  rei por.si si-  for  the  name  "dengue", 
which  comes  from  the  Spanish  ’  d.  r.goso"  or "-engaero"  meaning  "affected, 
soy,  prudish"  because  the  unusual  body  position  enforced  on  the 
patients  by  pain  results  in  thvir  walking  with  legs  wide  apart 
(English  "dandy  fever"). 

The  dengue  viruses  type-  1  ar.d  2  r.r',  like  yellow  fever  virus, 
transmitted  chiefly  by  Aed>»s  r.  rti.  Iv.n  stems  to  be  the  only 
reservoir,  especially  since  t-  ..  far,  except  in  experimental  infections 
of  monkeys,  no  other  natural  has.  e-*r.  ftund. 
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This  nar.-rcosquito-man  oy:1' 
and  subtropical  regions  (without 
latior.s  arc  sufficiently  ac-nse. 
ence  of  another  basic  cycle  wi zr. 
(nonkey?) 


Cf  Ini.*  be  maintai  .<_• :i  in  tropical 

a i.utor,  if  the  human  and  mosquito  popu- 
iio«ev*-r,  it  u«tes  not  exclnuo  the  exist- 
the;  ;•>.  r.ici;  -Uon  of  a  vilu  vertebrate 


the  range  of  both  dengue  virus  ty  i  evi  d3  to  the  tropical  ana 
subtropical  zones  of  the  Kiddie  -me:  ?sr  \::t,  ..frica,  and  America. 
These  viruses  are  also  transmitted  hy  ■  t  .  -  *  ci'icia  species.  In 
Europe  ar.  epidemic  broke  out  in  Greece  i.  19' 7-1926  and  attacked  more 
than  a  million  persona.  Typo  1  was  rear  .sportively  determined  as 
the  causative  agent  [191]. 


Prophylactic  measures  arc  aimed  primarily  at  controlling  the 
mosquitoes.  The  pigorou3  measures  taken  against  aropheles  by 
Europeans  in  their  colonies  enabled  tleua,  unlike  the  natives,  to 
escape  o'nyong-nyong  fever.  Vaccine  wic~.  attenuated  aangue  1  and  2 
strains  was  used. 


Chikungunya  virus  (Africa  n.btypr)  ( -;rc up  A)  was  isolated  for 
the  first  tine  in  1952  in  .last  Africa  frrsa  tre  blood  cf  patients 
and  mosquitoes.  At  that  tine  tr.ere  was  cn  epidemic  of  a  benign 
dengue-type  fever  among  the  rv. ..ives,  mostly  vltn  *the  pharacteristio 
joint  pain  and  diphasic  fever  <itr.  an  exanthema.  The  absence  of 
adenitis  distinguishes  chikung  a  fevi-r  froc  dengue. 

The  virus  is  transmitted  oy  numerous  r.ulicid  species.  The 
main  range  of  distribution  in  Jouth  an-  .last  Africa  and  the  Congo, 
although  it  has  also  been  isolated  (Thailand  subtype)  in  Thailand 
from  the  blood  of  children  wit-.  II?  (cf.  . 

0 * nyon,?-nyong  virus  (group  .*.)  is  closely  related  to  chikungunya 
virus  ar.d  was  first  isolated  from  the  M"ou  of  patients  in  Uganda  in 
1959.  An  epidemio  of  a  benion  dor.gue-typc  fever  was  then  raging  among 
the  natives  of  Uganda,  *enyii,  the  Congo,  ar.d  the  Sudan,  with  more 
than  750,000  persona  affected.  The  clinical  picture  is  very  similar 
to  that  of  dengue,  but  is  call:-*;  o’nyor.g-nyong  by  the  Africans.  The 
virus  i1:  spread  by  Anopheles ,  from  which  it  can  be  regularly  isolated. 

A  nature  host  reservoir  has  net  been  discovered  yet  [43,  69,  166,  208]. 


7.  y  -1  low  fever 

The  original  homeland  of  ;.*--'.lov  fever  cannot  be  precisely  determ¬ 
ined,  but  it  is  now  belioved  t  -.t  the  virus  was  imported  to  the 
Vest  Indies  from  Africa  in  the  L?th  c.-utnry.  In  the  18th  and  19th 
centuries  severe  yellow  fever  inicemics  occurred  in  Central  and  South 
Aserica.  In  1881  Findlay  nr.ro  - -a ;  a  relationship  between  mosquitoes 
and  the  distribution  and  trar.s  .assior.  of  ti.e  virus  to  man.  Confirmation 
was  provided  by  the  studies  of  the  American  yellow  fever  commission 
in  Cuba  headed  by  Heed  (1900/1  .•  )l).  v.  -v  were  able  to  show  that  the 
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causative  agent  passes  through  a  b-.cte-if 
human  peripheral  blooa  durtrg  sth  firr •  ;.h 
acquired  by  blood-sucking  lodes  ~c  -nr,--  ,  v 
further  after  about  12  days,  '.’nose  findin 
plication  and  it  seemed  as  thou  nosr 
continent  could  lead  to  cradle'- tics  of  yj_ 
until  a  wider  cycle  of  the  virus  in  nature 
course  of  the  1928  epidemic  in  .do  de  fane 
research  [185].  finally,  ?heil--r  [169.,  .u 
intrace  re  orally  and  culturin  ;  t:  e  vim... 
of  vaccine  from  attenuated  virus:  strains  [ 


filter  and  circulates  in 
rrt  days  of  fever.  It  i3 
.:cn  can  transnit  the  virus 
7:.  were  giver.  practical  sp¬ 
ec  ntrol  on  the  American 
lo-.  fever  in  the  cities 
w  ;  discovered  in  the  ' 

. ro  and  in  experimental 
acceded  ir.  infecting  mice 
‘ V.i •••  lei  to  the  development 


Slectron-optieal  studies  h*  ve  sho’.v.  the  yellow  fever  virus 
(Asibi  strain)  to  be  25-27  mt*  in  size  [16].  It  survives  ir.  50;'» 
glycerin  solution  and  in  a  lyop-,i  lizqd  state  for  a  long  tine.  Freshly 
isolated  strains  have  viscerotropic  ar.<;  neurotropic  characteristics, 
the  former  being  dominant  in  the  natur.i  cycle  of  the  virus,  a  human 
being  or  experimentally  infectcc  monkey  develops  a  viremia  and  hemato¬ 
genic  involvement  of  the  liver  in  a  fev:  lays.  Encephalitis  does  not 
follow  intracerebral  injection  of  this  strain.  It  nay  be  that 
a  hyperimmune  serum  i3  produced  at  the  same  tine  which  neutralizes  only 
the  viacerotropic  elements. 


Theiler  was  able  to  adapt  the  virus  Lo  cov.se  brain  and  to  select 
the  neurotropic  elements  sojiLut  such  3  r  «iw  could  produce  encephalitis 
in  mice  and  monkeys  after  a  short  incubation  period.  IJowever,  after 
,'"v  subcutaneous  injection  5-lO^t  of  the  monkeys  died  of  enoephalitis. 

Yet  the  virus  had  lost  its  visccrotropic  properties  as  a  result  of 
the  mouse  brain  passages  so  that  it  was  found  in  the  CHS  and  various 
glands  of  the  monkeys  that  died  of  encephalitis  but  not  in  their  blood 
or  liver. 

Haagen  and  Theiler  [60 [■  described  multiplication  by  the  r.eurotrop- 
ic  components  of  the  virus  in  Maitland  cultures,  but  Lloyd  et  al.  [90] 
were  the  first  to  grow  in  tissue  culture  the  Asibi  strain  which  possessed 
both  neurotropic  and  viscerotropic  characteristics.  This  led  in  the 
course  of  the  passages  to  partial  veakf n: ng  of  the  visccrotropic  com¬ 
ponents  in  this  originally  pantropic  v  r.js  strain  without  strengthening 
of  the  neurotropic  characteristics.  A  0]'a])Ch  line  of  these  passages 
was  called  17L  and  is  r.ov  used  as  ar.  attenuated  vaccinal  strain. 

After  extraneural  injection  this  strain  causes  only  a  slight  viremia 
in  monkeys  ana  is  not  followed  by  encerh.iiitis  or  hepatitis.  However, 
after  intracerebral  injection  encephal.tis  develops  regularly  in 
mice  and  in  about  one-third  of  experimental  monkeys.  At  present  this 
strain  is  cultivated  for  the  preparation  of  vaccines  in  fertilized 
chicken  eggs.  In  addition,  laboratory  strains  of  yellow  fever  are 
also  grown  in  different  tissue  culture.-'  under  conditions  of  plaque 
formation.  The*  Aaerioana^dt  African  subtypes  -can  ’.bo  '.distinguished 
serologically  [4la]. 
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"he  initial  clinical  symptoms  of  yellow  fe/cr  appear  after  an  in¬ 
cubation  pcrioG  of  3-6  days.  V..e  initial  feorile  phase  («=vircnia) 
lasts  3-^  days  and  after  a  brief  remission  of  1-2  days  fever  again 
occurs  as  a  reflection  of  or*;:.:;  involvement.  Thb  course  varies  from 
case  to  ca3e  -  i  roc  clinically  ;a.p.iar ;r.t  or  only  with  r.ild  fever 
and  headache  to  moderately  aevrre  cases  with  fever,  jaundice,  and 
albuminuria,  and  to  severe  car.c:*  with  complications  resulting  from 
protracted  hemorrhages,  while  the  first  phase  of  the  virer-ia  set3 
in  acutely  with  fever,  leukopenia,  and  the  usual  characteristic  but 
nonspecific  attendant  phenomena,  the  second  ph ise  shows  the  typical 
signs  of  liver  and  kidney  damage.  In  the  liver,  especially  in  the 
intermediate  zone  of  the  lobes,  can  b:  seen  necrosis  and  fatty  de¬ 
generation,  whereas  the  cells  on  the  periphery  anu  in  the  center 
are  relatively  well  preserved,  '.’he  necrotic  colls  acquire  a  hyaline 
appearance  and  are  callcd"Cour.cilnan.: bodies. "The  capillaries  are  very 
dilated,  but  there  are  r.o  3igns  of  injury  to  the  Kupffer  cells  or 
bile  duct.  The  resultant'  •  icterus  appears  during  phase  2;  an 
early  appearance  implies  an  unfavorable  prognosis.  The  kidneys  too 
show  no  signs  of  an  inflammatory  reaction  but  fatty  degeneration 
o?  the  tubuli.  Albuminuria  approximately  matches  the  severity  of 
the  icterus.  Oliguria  may  turn  into  a  prognoatically  unfavorable 
anuria.  A  decrease  in  quantity  of  urine,  diminution  of  albuminuria, 
and  excretion  cf  bile  pigment,  on  the  other  hand,  are  prognoscicaily 
favorable  signs. 

The  hemorrhagic  diathesis  is  probtbly  a  3ign  of  direct  injury 
to  the  vascular  wall  (cf.  H?),  with  a  decrease  in  vitamin  X  synthesis 
resulting  from  the  liver  damage.  A  tendency  to  bleeding  is  everywhere 
(skin,  viscera);  hemoptysis  is  particularly  to  be  feared.  Circulatory 
impairment  is  manifested  in  a  low  pulse  rate  (with  elevated  body 
temperature).  At  the  beginning  of  the  first  phase  the  blood  picture 
ia  characterized  by  leukopenia;  later  the  blood  coagulation  time  is 
lengthened.  Death  may  occur  around  the  6th  or  7th  day  as  a  consequence 
of  renal  insufficiency  and  hepatic  coma.  Otherwise  the  patient  recovers 
without  developing  chronic  kidney  and  liver  damage  and  acquires  immunity. 

The  range  of  yellow  fever  in  area:;  not  nettled  by  man  follows  the  cycle i 
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Vhetnor  this  imported  yellow  f  ver  ,;iv..s  rise-  to  an  epidemic  outbreak 
or  it  remains  a  sporadic  case  j-.penuo  <r.  the  degree  of  immunity 
(perhaps  also  with  other  strains  of  group  3)  of  the  population.. 


Acres  ae-yoti  is  a  mor.^u* to  tn..t  '  ives  in  cloae  association 
with  nan.  It  prefers  to  lay  l„.s  eggs  in  bodies  of  water,  perhaps 
also  in  tree  and  bamboo  holes,  mostly  on  top  of  the  vater.  The 
egg 3  are  Highly  resistant  to  dryness  <i.-.d  very  little  water  is  needed 
for  the  larvae  to  hatch.  The  females  c-ite  acotly  in  the  early  hour® 
of  the  morning,  almost  always  in  a  cloned  space,  22-23°  C  is  the 
temperature  needed  for  their  d  -vci ofnon',  ur.a  activity.  Hence,  they 
may  appear  in  a ny  warm  region  c  r  earth,  taclnd  r.g  South  Suropo. 

The  external  incubation  period  is  4  days  at  37°,  6-10  days  at  25° , 
and  30  days  at  18°.  The  li fo-sp.n  of  U.o  female  ia  relatively  brief 
(particularly  since  she  does  not  overwinter) ,  ranging  from  2-3  weeks. 

experimental  studies  have  shown  that  many  mosquitoes  besides 
Aeries  negypti  can  be  infected  with  tno  virus.  This  is  consistent 
with  reports  on  the  isolation  of  the  yellow  fever  virus  from  various 
culicids  in  America  and  Africa.  How  far  they  can  be  held  responsible 
for  a  spreading  of  yellow  fever  depends,  on  one  hand,  on  the  density 
and  behavior  (choioe  of  hatching  place,  etc.)  and,  on  the  other  hand, 
on  contact  with  human  beings  so  that  an  endemic  or  epidemic  can  result. 


The  following  are  regarce-;  as  ye.  low  fever  endemic  zones, 
according  to  the  latest  information  (l'*o2}  or.  protective  inoculations 
In  international  travel:  Africa  (with  '.-no  exception  of  a  few  major 
cities}  on  both  sides  of  the  equator  to  tno  35th  north  and  south 
latitude*,  South  America  (with  tno  exception  of  the  major  port  cities 
and  Panama  Canal  zone)  north  of  the  equator  and  in  the  interior  to 
nwout  15°  b«  ii&t .  o 


Laboratory  diagnosis  of  yellow  fever  is  based  on: 

(1)  Isolation  of  virus  fr-.m  blood  (phase  l)  and  liver  (visesrotomy 
or  autopsy); 
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(2)  Presence  of  antibodies  ' sor.vc rs-^o..-  er  rising  titer  uuring 
phase  2); 

(3)  Histological  oxaoin^ti  of  :ivr  p-ir.c  v-tea. 

Preventive  measures  include  nontrol  uf  i.or-;rit»jea  and  individual 
prophylaxis  by  vaccination.  Cut.-rol  s  r. .v  aimed  mainly  at 

eradicating  Aedes  ae.r.'sti  since  -.  -.is  i.;  1  argciy  responsible 

for  epidcnics.  duch  attempts  wa-o  st  .rt.  d:  at  the  turn  of  the  century 
and  by  i?25  caused  a  considern.nl  •;  reduction  in  the  incidence  of  the.; 
disease  in  couth  American  port  o  ties.  baring  .-aid  after  (since  1947) 
World  War  II  these  campaigns  were  ;trcn, ;ther.eu  by  the  use  of  insecti¬ 
cides.  By  i960  in  numerous  Ooutu  American  countries  Aedcs  ae»;yoti 
had  become  an  insignificant  combs r  of  the  tot  *.]  biocenosis  ana  no 
longer  an  acute  danger  to  man. 

The  American  vaccine  with  to  173  striin  and  the  Trench  vaccine 
with  the  Dakar  strain  arc  now  available  for  individual  prophylaxis. 

The  170  strain  is  concentrated  1-;  chicken  embryo  and  subcutaneously 
inoculated*  while  the  Dakar  strain  is  grown  in  n^uce  brain  passages, 
after  which  the  brains  are  dried  and  suspended  in  gum  arabic  for  use. 
The  inoculation  is  carried  out  after  scarification.  The  advantage  of 
the  American  vaccine  is  that  it  is  well  tolerated,  whereas  neurological 
complications  frequently  follow  the  use  01'  the  Trench  vaccine.  On 
the  other  hand,  the  French  vacci  -.e  is  suit-. bio  for  mass  inoculations 
because  of  the  simple  technique  required. 

Contrary  to  all  recommendations  not  to  couple  yellow  fever 
inoculation  with  other  live  vaccines,  reports  have  recently  come  in 
on  success  achieved  with  simultaneous  inoculation  (small  pcx  t  yellow 
fever)  in  Nigeria  [111].  The  indication  for  this  simultaneous  inocula¬ 
tion  was  based  on  the  need  to  carry  out  both  inoculations  on  a  large 
scale  in  view  of  the  particular  local  conditions. 

According  to  international  determinations,  a  rather  reliable 
immunobiological  protection  is  afforded  for  6  years  by  a  yellow  fever 
vaocination  authorised  by  the  "./orl-:  Health  Organization. 

8.  Kenin^oencephalitidos  \.':oce  Can  native  A; rent  Is  Transmitted 

by  .'cscuitoos 

Some  az-boviruses  transmitted  by  mot;  pi i toes  are  capable  of 
oausing  meningoencephalitis  in  man  and  occasionally,  under  natural 
conditions,  in  animals.  From  tha  virological  standpoint,  these, 
neurotropic  viruses  offer  no  unusual  features.  In  goneral,  they 
can  be  concentrated  after  extran*.*ural  administration  in  adult  mouse 
brain,  although  tissue  culture  is  now  preferred  in  normal  practice. 

•  * 
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The  clinical  picture  presents  with  considerable  variations  ail 
tae  characteristic  but  nonspecific  symptoms  of  a  virus  infection  of 
the  CUE,  as  in  TB2,  so  that  the  diagnosis  nust  be  based  in  each 
individual  case  only  on  systematic  virological-serological  examinations 
(isolation  of 'virus  from  parenchyma,  often  from  fluid  as  well).  In¬ 
volvement  of  the  CN3  is  invariably  preceded  by  a  clinically  unchar¬ 
acteristic  initial  phase  of  viremia  (isolation  of  virxis  from  the 
blood  is  theoretic.-ll;/'  possible.  Since  neutralising  antibodies 
are  almost  always'  to  be  expected  in  tnc  patier.t'3  serum  at  the'  beginning 
of  phase  2  (involvement  of  the  Clio ) ,  in  routine  diagnosis  the  CPU  is 
preferred  tc  the  HIT  or  KT. 


In  contrast  to  the  relatively  uniform  picture  of  human  disease, 
the  individual  viruses  responsible  differ  from  one  another  in  antigen 
structure,  vector,  host  reservoir,  and  geographical  distribution. 

,  (a)  American  Ecuine  ancorhalitidcs 

t 

Epizootics  among  Equidae  with  involvement  of  the  Clio  have  been 
■  reported  since-  the  end  of  the  19th  century,  especially  in  the  western 

!  part  of  the  United  States.  Meyer  et  al.  (1931)  were  the  first  to 

;  isolate  the  WES  virus  in  California  fron  the  brains  of  dead  animals; 

Ten  Broeck  and  Merrill  and  Cietner  and  Utrahan  (1939)  isolated  the 
:  232  virus  on  the  east  coast  of  the  United  States;  Beck  and  Uyckoff 

:  (1938)  isolated  the  VES  virus  in  Venezuela.  Along  with  these  isolations 

.  ^  the  investigators,  also  discovered  the  causal  connection  between  human- 

i  U  meningpencephalitides  and  this  virus  in  the  Vest  and  Midwest  (W33) 

i  '  -  and  east  coast'  of  the  United  States  (223). 

i  .... 

;  These  three  viruses  belong  to  group  A  and  differ  from  the  other 

.  arboviruses  in;  thpir  unusual  pathogenicity  for  Equidae  even  after, 
peripheral  infection  (mosquito  bite*).  Electron-optical  studies 
!  showed  the  V22  "provirus"  to  be  22  a yK  in  size.  The  mature  WEE  virus 

'  (like  the  V33  virus)  [121]  consists  of  a  thick  nucleus  30  m^i  in  size 

and  a  peripheral  membrane  with  a  diameter  of  45-48  [1153* 

Since  the  viruses  can  be  inactivated  with  formalin,  vaccines 
can  be  -used  to.  protect  not  only  horses  but  also  exposed  laboratory 
|  workers  against  all  three  encephalitis  viruses. 

i  ,  (i)  Western  Equine  Encephalitis  (v/32) 

I 

i  •  The  virus  is  widespread  in  the  United  States,  like  CL2  virus,. 

only  west  of . the  Mississippi.  It  i3  also  found  in  Canada,  Brazil, 

\  Uruguay,  and  Argentina.  The  disease  in  human  beings  appears  between 

'  Juno  and  September,  with  the  peak  in  July,  and  it  frequently  attacks 

|  children.  Besides  sporadic  cases,  there  are  frequent  reports  of 

|  epidemics  among  horses  and  human  beings.  The  fatality  rate  is 

between  7-20$  (average,  10$).  The  virus  is  transmitted  chiefly  by 
;  Cnlcx  tarsalis.  Neither  the  natursl  virus  reservoir  nor  the  plaoes 
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of  overwintering  .are  known,  There  as  i.c  doubt  that  migratory  birds 
os  well  as  domestic  fowl  play  a  special  role ,  the  former  possibly 
being  responsible  for  importing  the  v*ru-  into  the  focus  afresh 
every  year.  The  "virus  car.  hibernate  in  experimentally  infected 
"  water  snakes  (Thamnophis  r.p. )  and  in  Cule::  tarsal  is  iaagincsriV*,  192]. 

.  "  Besides  the  original  natural  hosts,  all  the  wild  and  utmost .c  an¬ 

imals  as  well  a3  human  beings  living  in  a  focus  can  be  infected  by 
female  mosquitoes,  but  only  Zquidac  .'-.'.d  mar.  develop  a  meningoencephalitis. 
These,-- however,  are  of  less  si jnific.ir.ee  ir.  rr.aintair.inj  the  cycle  of 
the  virus  in  nature. 

(ii)  ••lar-t.-rn  'b'dre  Kneerh-.l  vti  s 

The  North  American  subtype  of  the  virus  appears  ir  Eastern 
Canada  and  the  United  States,  ir.  Mexico,  and  ir.  the  West  Ir.die3. 

.The  Central-South  American  subtype  appears  in  South  America  (Panama, 
Brazil,  Argentina)  and  Southeast  Asia.  The  disease  strikes  human 
beings,  children  and  teenagers  in  particular,  in  the  late  summer  ana' 
early  fall.  There  are  also  sporadic  minor  epidemios. 

This  virus  rs  highly  pathogenic  for  man  due  to  the  hemorrhagic 
diathesis.  Phase  1  is  quite  pronounced  (fever,  vertigo,  vomiting, 
headache),  the  hemorrhagic  meningoencephalitis  developing  in  phase  2. 

-The  mechanism  of -action  on  the  vascular  system  is  still  obscure. 

The  fatality  rate  is  high,  amounting  to  7M®  of  the  human  beings  and 
•  90 A  of  the  horses  infected  during  the  first  recognized  epidemic  (1920) 
in  Massachusetts.  These  high  death  rates  are  to  bo  regarded  as 
'a  reflection  of  a  high  fatality  rather  than  high  mortality  rata 
..because  of  the  persons  with  HT  antibodies  who  did  not  suffer  from 
a’ disease  of  the  CNS. 

Little  is  known  with  certainty  about  the  natural  vector  (main 
vector  *  or  maintenance  of  the  cycle  m  nature.  To  be  sure,  the  rirus 
has  beer,  isolated  from  Culi  se  ta .  Mar.:;  or.  in .  £ul_ex,  Anopheles ,  ooeasion- 
.  ally  from  Culicoides,  various  bimuliidao,  ar.u  oven  Acarina  under 
natural  conditions,  with  Culisota  molanur.-i  assumed  to  be  responsible 
.  .for  maintenance  of  the  main  cycle  (wild  birds  —  Culi set t ~  wild  birds). 
However,  antibodies  against  333  viru3  have  been  found  ir  numerous 
vertebrates  so  that  definite  conclusions  cannot  be  drawn  as  yet.  ' 

Ir.  addition,-  the  overwintering  of  the  virus,  as  in  WHS,  is  still  • 

.  ur.s  ivoG.  Just  a3  in  W33,  horses  are  not  responsible  for  maintenance 
of  the  cycle  and,  like  man,  they  are  to  be  regarded  rather  as. a 
susceptible  terminal  member  of  the  infection  chain. 

•’  .  (iii)  Venezuelan  3ouir.e  Encephalitis  (733) 

The  virus  is  widespread  in  equatorial  South  America.  Unlike 
W33  and  333,  the  V33  virus  causes  encephalitis  in  Hquidae,  but  not 
.  in  man.  It  is  a  tfne:-pha3e  febrile  disease,  frequently  dengue-like 
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in  character  (.pain  in  ahe  joints  and  limbs).  Another  peculiarity 
is  thaa  the  virus  is  present  ir.  the  na-opi'.aryngeai  space  of  xr.f octod  ‘ 
persons  and  horses  so  that  transmission  without  a  vector,  in  contrast 
with  all  the  other  nrbovi roses,  cannot  bo  ruled  out.  The  virus  is 
also  excreted  by  infected  horses  with  urine  and  by  experimentally 
infecteu  mice  with  feces.  This  surprising  excretion  and  secretion 
of  the  virus  is  undoubtedly  responsible  for  the  frequency  of  laboratory 
infections. 

Under  natural  conditions,  the  'I A.',  virus,  as  shown  by  the  isolations 
from  many  species  of  Culicidne,  is  transmitted  to  human  beings  and 
horses  by  Xansor.ia  titillar.s  and  Ac.'.es  taer.iorhyr.chus .  It  is  still 
not  known  whether  any  species  a^  chief  vector  plays  a  special  role  in 
maintenance  of  the  virus  in  nature.  Wild  birds  are  conjectured  to  be 
the  virus  reservoir,  in  which  case  Aedes  triserj.atus  would  function 
as  the  vector.  Unlike  WSS  and  h2£,  the  VSE  virus  is  found  only  in  the 
tropical  zone  with  a  constant  climate  so  that  there  is  po  problem  here 
of  overwintering. 

(b)  St.  Louis  Encephalitis 

Meningoencephalitis  epidemics  broke  out  in  tpe  3ummars  of  1932 
and  1933  in  the  midwest  of  the  United  States;  the  cqus.-titfe  agent  was 
isolated  in  1933.  The  virus  belongs  to  group  S  and  is  related  in 
antigen  structure  to  J3E,  MVS,  WN ,  and  Ilheus  viruses.  Today  the 
SL3  virus'  range  is  from  the  Pacific  Coast  of  the  United  States  to 
the- Kidvest  (like  WS3  virus),  Panama,  West  Indies  and  Ecuador,  although 
the.  location  of  epidemics  changes  from  year  to  yea"  The  mo3t  important 
and  best  studied  epidemic  occurred  in  Houston,  Toy  .a  in  1964.‘ 

The  incidence  of  the  disease  is  highest  in  the  late  summer  and 
early  fall  (V32,  about  a  month  later),  the  peak  occurring  in  August- 
Scptenber,  with  different  ago  groups  preferentially  attacked.  The 
clinical  symptoms  are  often  ir.apparent  (estimated  age  rote  inapparent  • 
apparent  *=  64.-  209  :1  [25]  or  so  nila  that  for  want  of  inclusion  of  all 
cases  an  exact  fatality  rate  car.not  be  determined  (but  it  is  surely  low) 

The  virus  is  isolated  chiefly  from  Culox  tarsalis,  also  from 
numerous  other  culicids.  The  natural  virus  reservoir  is  migratory 
fowl.  Poultry,  domestic  animals,  and  wild  mammals  are  also  infected 
by  mosquitoes-.  Overwintering  of  the  virus  is  still  unknown.- 

(c)  California  Encephalitis 

California  encephalitis  virus  (CSV)  was  isolated  for  tho  first  time 
from  Culox  tarsalis  in  California  [69a,  69b,  l44a]  and  from  a  hare  £293* 
Ir.  addition,  antibodies  against  CSV  were  found  in  three  patients 
with  encephalitis  in  California.  The  cigr.ificance  of  this  virus  in 
connection  with  an  infection  of  the  human  C US  is  still  unclear* 
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The  first  descriptions  of  this  disease  date  back  to  Xawnkita 
(1671),  but  epidemics  have  been  regularly  recorded  in  Japan  only  since 
1924.  In  1934  HayashI  was  the  first  to  isolate  the  causative  agent 
by  transmission  to  nonkeyc.  In  1935  this  infection  was  named  3-enceph- 
aliti8  to  distinguish  it  from  von  Economo  (A)  encephalitis,  A'he  virus 
oelongs  to  group  B  and  is  serologically  related  to  ShG  virus.  Its 
range  now  extends  to  last  Asia,  India,  and  Microneeia.  The  incidence 
is  highest  in  .the  temperate  zones  from  mid-August  to  mid-October 
(autumn  encephalitis)  [176],  with  children  and  teenagers  preferentially 
attacked  in  endemic  regions.  The  clinical  symptoms  vary  from  anapparent 
to  fatal  diphasic  forms  (as  in  TBS)  with  p  fatality  rate  of  about  0j£. 
Encephalitic  forms  appear  to  be  more  common,  than  paralytic  forms. 

The  virus  is  transmitted  by  various  culicids,  especially  Culex 
•  tritaeniorhvnchus .  Various  wild  fowl  appear  t,o  be  the  natural  virus 
reservoir,  although  swine  and  horses  are  also  infected;  the  latter 
may  be  responsible  for  a  subcycle.  Inoculation  with  formolized 
viruses  from  nan  and  horses  helped  to  reduce  morbidity  considerably 
in  Central  and  South  Japan  [1653. 

(e)  !!nrray  Valley  Er.oonhal  itis  (XVE) 

An  encephalitis  epidemic  broke  out  in  Australia  for  the  first 
tine  in  1917-1918  (70'/°  fatality  rate),  which  in  a  milder  form 
in  the  following  years  was  also  presumably  caused  by  the  same  agent 
(Australian  X  disease).  Another  epidemic  broke  out  in  Eastern  Australia 
in  1951  and  the  causative  agent  was  isolated.  The  agent  isolated  in  . 
1917  disappeared  meanwhile,  but  serological  examinations  demonstrated 
the  identify  (or  close  relationship)  of  the  two  viruses. 

MV3  virus  belongs  to  group  3  and  is  closely  related  to  J32  virus. 
The -  virus  is  widespread  in  Australia  ar.d  Hew  Guinea.  It  has  been 
isolated  from  various  culicids,  especially  Culex  annulirostria, 
undoubtedly  the  major  factor  in  nature. 


The  clinical  pattern  of  pappataci  fever  has  long  been  known  in 
the  Adriatic  and  Mediterranean  area.  The  disease  was  first  described, 
a?  a  clinical  entity  by  Pick  (16C6).  As  early  as  1909  Doerr,  Franz, 
and  aussig  showed  that  the  causative  agent  is  a  virus  that  circulates 
in  the  patient's  blood  and  is  transmitted  by  Phi eb->t onus  nanatasi.' 

The  first  demonstration  of  the  virus  followed  yellow  fever  studies 
in  Cuba  ar.d  la^cr  a  commission  of  army  doctors  discovered  an  arbovirus 
cycle  in  Europe  C753*  .During  Tor Id  Jar  II  Sabin  [150]  succeeded 
in  isolating  several  strains  in  the  course  of  comprehensive  investiga¬ 
tions  on -allied  soldiers  in  the  Mediterranean  area  and  in  distinguishing 


two  serologically  different,  tyres  or.  the  basis  of  experiments  on 
volunteers  -  Sicilian  type  (19*0)  ar.u  Neapolitan  type  (l9Mf),  • 

The  virus  is  about  50  "  in  sine;  it  was  isolated  fror  phlebotomi 
and  patients*  blood  through  transmission  to  suckling  nice.  It  can 
also  be  adapted  to  adult  mice  or  tissue  cultures.  Otherwise  it  is 
transmissible  only  to  human  beings.  It  appears  in  human  blood* 24 
hours  before  and  after  the  beginning  of  the  clinical  symptoms. 

Onset  of  the  disease  after  a  brief  incubation  period  (5-6  days)  is 
acute  with  a  high  fever,  chills,  headache,  and  sensitivity  to.  light.  . 
Since  the  face  and  conjunctiva  are  reddened,  the  disease  used  to 
be  called  (in  the  19th  century)  "dog's  disease"  (red  eyes/).  •;  Tho 
fever  subsides  after  2  or  5  days,  becoming  normal  on  the  vth  day. 

The  leukopenia  and  bradycardia  arc  striking.  However,  enlargement 
of  the  spleen  and  exanthema  do  not  occur.  Differential  diagnosis 
is  a  problem  owing  to  the  acute  beginning  -  malaria  (blood  picture) 
and  dengue  (exanthema).  The  disease  produces  a  type-specific  immunity, 
which  can  be  definitely  demonstrated  in  the  XT  (better  than  i_n  the 
KIT  and  CPU) . 

Under  natural  conditions  tho  virus  is  transmitted  by  Phlobotonus 
p-:r>atasi.  The  Phlebotominae  constitute  a  subfamily  of  the  Psychodidae 
and,  consequently,  are  closely  related  to  the  Culicidae.  They  are 
blood-sucking  (humans  and  domestic  animals)  ectoparasites  and  can 
easily  be  distinguished  from  mosquitoes  by  their  small  size  (only 
about  one-third  that  of  the  Culicidae;  and  sandy  yellow  color. (sand-, 
flies).  Like  the  many  other  familiar  phlebotomus  aperies,  Phlebotomus 
naratasi  prefers  to  stay  in  the  living  and  sleeping  quarters  of  man. 

The  range  of  flight,  unlike  that  of  most  Culicidae,  is  short  and 
limited  to  100-2D0  meters  around  the  hatching  places.  The  latter 
(in  contrast  Kith  those  of  mosquitoes;  arc  found  in  heaps  of  moist,  . 
organic  materials-  as  in  rodent  burrow:*.,  cracks  in  walls  ("ruin  disease") 
garbage,  dung,  etc.  A  complete  developmental  cycle  takes  about  six 
weeks  so  that -there  are  usually  two  generations  a  summer.  The 
imagines  (female),  like  mosquitoes,  feed  on  blood.  Their  bites  (often 
several  for  a  meal)  are  particularly  painful. 

Kan  serves  as  the  principal  virus  reservoir  when  bitten  during 
viremia  (about  2  days)  by  imagines.  The  extrinsic  incubation  period 
in  imagines  fluctuates  between  6  and  10  days.  In  addition,  it  is 
maintained  that  erven  the  larvae  can  infect  when  they  ingest  feces 
from  infected  imagines  or  feed  on  their  dead  bodies.  Transovarial 
transmission  is  suspected  but  not  proved. 

The  disease  occurs  in  Southern  Europe  (South  Russia,  the  Balkans, 
Italy,..  South.  Prance),  North  Africa,  Central  Asih,  and  India,  but 
not  on  the  American  continent  (despite  the  presence  of  blood -sucking 
phlebotomi),  with  two  annual  peaks  (June  and  September). 


Prophylactic  measures  are  effective,  especially  if  modern  in¬ 
secticides  are  systematically  sprayed  in  houses  and  to  a  distance  of 
•100-200  n  around  them.  Above  all,  possible  hatching  places  ( garbage, 
compost  piles,  dung,  etc.)  should  be  removed  or  sanitized. 

10.  Newly  Found  and  Suspected  Arboviruses  in  Surone 
(a)  Calovo  Virus 

In  i960  Bardos  and  Cupkova  isolated  in  Slovakia  (from  a  pool  of 
Anopheles  mr.culiocr.nic  ) .  which  they  named  Calovo  virus  after. the 
place  of  isolation.  Independently,  the  same  virus  was  isolated 
from  Anopheles  barbirostris  an  Chit t nor  virus  in  India  and  from 
Culex  gclidus  as  Bitai  virus  in  Malaya  in  1955  by  Blicboy  and  Bueacher 
This  virus  was  classified  with  the  Bunyamwera  group  on  tho  basis  of 
serological • studies.  No  relationship  has  as  yet  been  demonstrated 
between  Calovo  virus  and  human  disease,  but  antibodies  against  the 
virus  /lave  been  found  from  time  to  time  in  human  scrum  [06]. 

.  •  •  (b)  Kemerovo  Virus 

Hitherto  unknown  virus  strains,  apparently  very  closely  related, 
if  -not  .identical,  in  antigen  structure,  were  isolated  from  Ixodes 
persulcatu3  in  West  Siberia  [36a]  and  from  Ixodes  ricinus  in  Slovakia 
[96c,  64a]  and  Finland  [25a].  They  are  called  Keaorovo  viruses 
after  the  place  where  they  were  first  discovered.' 

Kemerovo  virus  is  not  related  ar.tigcnically  to  the  T3E  complex 
or  to  other  arboviruses  and  is  therefore  regarded  as  a  still  ungrouped 
arbovirus.  Thi3  virus  is  less  stable  than  the  TBS  virus  and  is  patho¬ 
genic  only  for  1-3-day  old  suckling  mice  [106a],  although  it  has. also 
been  primarily  isolated  in  chick  embryonal  cell  cultures  [96d],  The 
virus  seems  to  be  less  widespread  in  the  focus  investigated  in  Vest 
Siberia  than  the  TBS  virus  since  neutralizing  antibodies  in  wild  and 
domestic  animal3  are  not  found  as  frequently  as  against  the  TBS  virus. 
On  the-  other  hand,  the, ’tick  infection  rate  in  Slovakia  is  five  times  • 
.higher.. with  Kemerovo  virus  (1.0-1.37&)  than  with  TBS  virus  (0.?^)  [96b] 

The  importance  of  this  virus  for  mar.  has  not  yet  been  clearly 
established*  To  be  sure,  the  virus  has  beer,  occasionally  isolated 
from  the  fluids  of  patients  with  febrile  infections  and  mild  mcninjion 
but  there  are  still  no  precise  clinical  data  on  a  causal  relationship. 

There  are,  nowever,  human  infections  in  which  neutralizing  anti¬ 
bodies  can  bo  demonstrated  as  an  expression  of  the  infection  rate  in 
healthy  persons  (2.8/*),  although  to  a  much  lesser  extent  than  against 
TBS  virus  (83*8,*/ ,  at  least  in  the-  Vest  Siberian  focus  [96b].  The 
cycle  of  the  virus  in  nature  is  similar  to  that  of  the  TBS  virus  since 
the  same  host  species  of  ticks  are  infected  by  the  two  viruses  and 
tho  virus  can  also  be  isolated  from  small  mammals. 


I  a  1556  in  Slovakia  3ardos  ar.d  Danielova  were  the  first  to 


isolate  the  Tahyna  virus,  named 
and  Aeries  voxar.s  [153*  "his  vir 
has  been  placed  in  the  Californi 
of  serological  evidence  [351] . 
ceeded  an  isolating  two  strains 
5000  scrum  samples  which  behaved 


after  the  place,  from  Aeacs  cacoius 
us,  identified  as  an  arbovirus  [9»  14 
a  encephalitis  complex  on  the  basis 
SuDsequently ,  Likar  in  Slovenia  suc- 
(TROICA)  in  the  course  of  a  survey  of 
in  the  Gl’.i  like  Tahyna  virus  [96a]. 


The  virus  appears  in  various  parts  [o]  of  Central  and  South 
Europe  [11]  and  South  France  since  anybodies  can  always  be  demonstrated 
in  blood  samples  taken  from  bitten  persons.  The  -Danube  is  a  preferred 
region.  Here  .Aspock  isolated  the  virus  from  mosquitoes.  Antibodies 
are  found  in  up  to  oO/j  of  the  population  [17,  60]. 


Acd.es  vex ans  is  the  main  vector.  It  can  also  be  experimentally 
-  infected  witn  Tahyna  virus,  with  an  incubation  period  of  at  least  7  - 
days.  It  is  safe  to  assume,  however,  that  other  mosquito  species 
play  an  important  role  in  the  cycle  of  the  virus  because  the  virus 
cannot  bo  carried  over  the  winter  in  Africa  vexans  oj*  be  transmitted  in 
the  spring  by  vircnic  heterothermiu  vertebrates  to  this  first  mosquito 
species  to  appear  in  Juno  [4a] . 


The  role  of  animal  hosts  as  virus  reservoir  has  not  yet  been 
fully  elucidated.  3irds  do  not  seem  to  be  part  of  the  virus  cycle 
[10,  I69]  nor  13  itlikely  that  largo  domestic  animals  or  Kuridae  have 
anything  to  do  with  the  spread  of  the  virus  in  nature  [16,  170]  . 
However,  hares  and  rabbits  nay  well  function  au  virus  reservoir 
since  hares  have  been  found  to  possess  a  rather  high  degree  of  natural 
infection  and  a  viremia  has  been  observed  in  both  species  of  animals 
after  experimental  infection  [170a]. 


The  question  of  the  extent  to  tliich  this  virus  is  a  pathogenic 
agent  for  manbannot  be  answered  with  certainty  as  yet.  There  have, 
to  be  sure,  bben  individual  cases  with  atypical  pneumonia  causally 
related  on  serological  grounds  to  Tahyna  virus  [9a] ,  but  one  cannot 
extrapolate  from  this  that  human  respiratory  diseases  are  to  be  expected* 
This  must  be  confirmed  by  further  research  involving  virus  isolations. 


Isolation  of  the  Calovo  an*.  Tahyna  viruses  was  the  first  proof 
that  mosquito-borne  arboviruses  exist  in  Central  Europe.  Other 
..rboviruses  appear  to  be  widespread  in  Central  Europe  and,  though  not 
yet  isolated,  antibodies  against  them  have  been  found  in  human  sera. 

In  this  connection,  the  findings  on  antibodies  against  WEE  and  322 
virus  [6,  7,  12,  94]  reported  in  1954  can  be  interpreted  astevidonce  not 
for  the  existence  of  these  two  viruses  but  for  a  virus  of  Croup  A. 

This  is  confirmed  by  similar  results  in  Jugoslavia  [123],  Italy  [161], 
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ar.d  Austria  [68].  Moreover,  human  sera  from  Austria  were  founa  to 
'  conta:  her.ajjiutination-ir.hi  bitmj  antibodies  a  jams  t  phlcbotoEuo 
fever  as  (Neapolitan  type)  and  jroup  3  viruses  (lIVH,  Ntaya,  WN); 
they  were  also  detected  in  persons  vno  had  never  left  the  local  area 
in  which  they- were  born.  Since  the  latter  find  car.  be  regarded  on 
the  basis  of  acetone  treatment  of  the  sera  as  absolutely  specific  in 
the  sense  of  a  positive  antibody  reaction,  the  possibility  that 
other  arboviruses  will  be  found  in  Central  durope  is  very  likely. 

.Tn  contrast,  reliable  serolojical  evidence  of  suspected  arboviruses 
does  not  as  yet  provide  any  indication  for  the  existence  of  hemorrhagic 
fevor  viruses .  tfhere  are,  of  course,  some  clinical  observations 
or.  such  cases- in  Northern  Scandinavia,  Hungary,  and  Southeast  Surope,' 
but  it  is  by  no  means  certain  whether  a  uniform  nosological  entity 
sui  generis  is  involved  or  these  diseases  are  caused  by  arboviruses* 
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